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ABSTRACT: 

CHG DATE=1 999061 7 STATUS=0> A microcomputerized postage meter (5) that 
provides high degrees of security and fault tolerance. The meter maintains 
data security under low power conditions by the use of functionally nonvolatile 
memory units. Register and other data which must survive normal and abnormal 
losses of power to the meter electronics are stored in dual redundant battery 
augmented memories (hereinafter designated BAMs). Upon detecting an error 
condition, the microcomputer writes an appropriate fault code to the BAMs. A 
mechanism for disabling the meter includes dual redundant flip-flops which are 
set to a "faulted" state upon detection by the microcomputer of a failure 
condition. These flip-flops are powered by the BAM batteries. They cannot be 
reset except by physical access to the meter interior, which access is only 
available to authorized personnel at the factory. The fault flip-flops are 
also set when the microcomputer fails to properly execute its own operating 
program. Once the meter has been set to a "faulted" state, the fault 
flip-flops hold two signals, MPCLR and SYSCLR, true. The BAM contents may 
still be read out independently of the microcomputer which is prevented from 
accessing the BAMs. This is accomplished by allowing power necessary to read 
the BAMs to be supplied to the BAMs without supplying power to the 
microcomputer. Moreover, even if the microcomputer is powered, MPCLR prevents 
it from executing instructions and SYSCLR isolates it. The various register 
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values and the fault code then allow a reconstruction of the proper register 
values. 
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© Electronic postage meter having improved security and fault tolerance features. 

© A microcomputerized postage meter (5) that provides 
high degrees of security and fault tolerance. The meter main- 
tains data security under low power conditions by the use of 
functionally nonvolatile memory units. Register and other 
data which must survive normal and abnormal losses of 
power to the meter electronics are stored in dual redundant 
battery augmented memories (hereinafter designated BAMs). 
Upon detecting an error condition, the microcomputer writes 
an appropriate fault code to the BAMs. A mechanism for 
disabling the meter includes dual redundant flip-flops which 
are set to a "faulted" state upon detection by the microcom- 
puter of a failure condition. These flip-flops are powered by 
the BAM batteries. They cannot be reset except by physical 
access to the meter interior, which access is only available to 
authorized personnel at the factory. The fault flip-flops are 
also set when the microcomputer fails to properly execute its 
own operating program. Once the meter has been set to a 
"faulted" state, the fault flip-flops hold two signals, MPCLR 
and SYSCLR. true. The BAM contents may still be read out 
independently of the microcomputer which is prevented from 
accessing the BAMs. This is accomplished by allowing power 
necessary to read the BAMs to be supplied to the BAMs 
without supplying power to the microcomputer. Moreover, 
even if the microcomputer is powered, MPCLR prevents it 
from executing instructions end SYSCLR isolates it The vari- 
ous register values and the fautt code then allow a reconstruc- 
tion of the proper register values. 



./.. 



Croydon Pnntmg Company Ltd. 



0019515 



4 



6969-3 

ELECTRONIC POSTAGE METER HAVING IMPROVED 
. SECURITY AND FAULT TOLERANCE FEATURES 
FIELD OF THE INVENTION 
> The present: invention relates to a micro- 

computerized postage meter. 

BACKGROUND OF THE INVENTION 
Postage meters (hereinafter sometimes designated 
simply as "meters 11 ) are well-known devices for imprinting 
) postage impressions of desired value either on a gummed tape 
or directly on an article to be mailed, thereby obviating the 
need to use postage stamps. Due to their convenience and 
flexibility, meters have found widespread use in commerce. 
A postage meter normally includes a postage 
5 selection mechanism, a postage printing mechanism, and a 
plurality of internal registers for maintaining accounting 
information. The internal registers most commonly contain 
numerical values representative of the total postage, paid for 
(control total), the total postage printed (ascending balance 
0 or ascending register), and the total postage remaining 

(descending balance or descending register). The information 
contained in the internal registers is redundant, since the 
ascending balance and descending balance normally sum to the 
control total. 

5 Prior to using the meter a user must buy from a 

postal service employee a fixed amount of postage. (In this 
connection, the term "postal service" may refer to either a 
public or private mail carrying entity. ) The postal service 
employee alters the contents of the internal registers to 

0 reflect the amount of postage paid by increasing the control 
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total and the descending balance by this amount. To use the 
meter, the user first selects a value of postage to be 
printed, and then activates the printing mechanism. The 
meter may be used until the descending balance reaches a 
predetermined m^r**™ 1 ™ (e.g., until the postage paid for has f 
been exhausted or has reached a minimum threshold value). 

It can immediately be seen that postage meters are 
subject to stringent security requirements to ensure that all 
postage actually printed has been paid for. Thus, the level 
of security can be measured by the difficulty of activating 
the meter's printing mechanism without correspondingly 
updating the accounting registers within the meter, and also 
by the difficulty of altering or losing the meter register 
values, whether intentionally, inadvertently, or accidental- 
ly. To this end, the print mechanism and the accounting 
registers are located within a secure housing, and access 
thereto is restricted to postal service employees. 

Postage meters have traditionally been, essentially 
mechanical devices whose mechanical design is relatively 
complicated due to the need to correlate operation of the 
postage selection mechanism, the postage printing mechanism, 
and the registers. In particular, the print mechanism must 
print a postage value corresponding to the value set by the 
user, and the appropriate internal registers must be changed 
by this amount. Moreover, the meter must be interlocked to 
disable the print mechanism when the descen d i ng balance 
reaches the predetermined minimum level, and to prevent more 
than a single printing impression from being made during a 
cycle of the printing mechanism* Mechanisms capable of 
performing these functions, of necessity, contain a large 
number of mechanical parts, and therefore require consider- 
able periodic maintenance. While several decades of ex- 
perience have resulted in the design and implementation of 
acceptably reliable mechanical postage meters, such devices 
have still tended to be expensive, heavy, bulky, and slow. 

Recent advances in the electronic arts have sug- 
gested the desirability of replacing many of the mechanical 
components in a postage meter with electronic components. 
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Thus, it is known in the prior art to provide a first-genera- 
tion electronic postage meter employing discrete logic compo- 
nents* Such a meter is shown in U.S. Patent No. 3, 938 , 095 to 
Check, Jr. et al. 

By their nature, electronic postage meters rely 
heavily on continuous electric power during operation. 
However, frequent power loss of either a momentary or pro- 
longed nature is to be expected. While power loss is not a 
particularly significant event for mechanical meters; it 
poses two distinct threats to the security of electronic 
postage meters. First, power loss presents a threat to the 
integrity of the register data which is typically stored in 
electronic memory units, since most electronic memories are 
volatile devices (i.e., they require continuous electric 
power to maintain their contents). This is to. be contrasted 
with mechanical registers which are inherently nonvolatile, 
devices. Second, the various correlation and interlocking 
functions are performed by electronic logic components, the 
performance of which can become unpredictable during a low 
power condition. Since this could lead to improper updating 
of registers, and the like, there must be provided a reliable 
mechanism wherein the electronic circuitry inhibits meter 
functioning when a low power condition is sensed. Moreover, 
this inhibiting must occur before the power falls to a level . 
at which the electronic circuitry becomes unreliable. 

In addition to the security requirements discussed 
above, a second requirement of postage meters, called "fault 
tolerance" , comes into play when mechanical registers and 
other functions are replaced by electronic components » Fault 
tolerance refers to the meter v s ability to maintain security 
in view of individual component failure. A postage meter is 
likely to be used in a variety of settings that may subject 
the components to environmental rigors such as mechanical 
shock, stray electric fields, and wide temperature varia- 
tions, any of which may cause an electronic, mechanical, or 
electro-mechanical component to fail. 

It is apparent that the large number of components 
in the first-generation electronic postage meters employing 
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discrete logic elements (i.e., transistors, diodes, etc.) 
tends to render such meters insufficiently reliable for 
postal service approval. A further difficulty with elec- 
tronic postage meters employing discrete logic components is 
that the features and capabilities of the meter cannot be 
altered easily once the meter is constructed. Thus, like 
their mechanical counterparts , such meters cannot readily be 
adapted to new applications. 

In recognition of the above problems, first- 
generation electronic postage meters employing discrete logic 
have given way to second-generation electronic postage meters 
employing large scale integration microcomputer architecture. 
An example of such a second-generation stand-alone postage 
meter is disclosed in U.S. Patent No. 3, 978 , 457 to Check, Jr. 
et al«, employing a microcomputer system which monitors the 
printing and other functions of the meter, and which super- 
vises and maintains the required accounting information. A 
microcomputerized postage meter contains a smaller number of 
components than its discrete component counterpart, and is 
therefore likely to have improved fault tolerance character- 
istics. The fault tolerance can be further enhanced by the 
capability possessed by such a meter of verifying its own 
functions. Nevertheless, fault tolerance remains a poten- 
tially vexing problem because the very components that are 
used to check for failure are themselves subject to failure. 

In spite of the numerous potential advantages ; of 
electronic postage meters over their mechanical predecessors, 
and further in spite of the expanded capability of micro- 
computerized postage meters, efforts to design an electronic 
postage meter having sufficiently high levels of security and 
fault tolerance to obtain postal service approval have been 
generally unsuccessful to date. 

SUMMARY OF THE INVENTION 

The present invention , is a microcomputerized 
postage meter that provides sufficiently high degrees of 
security and fault tolerance to make the meter suitable for 
postal service approval. 
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Broadly, the postage meter of the present invention 
includes a microcomputer system, a keyboard or other suitable 
input means for entering data and instructions into the 
microcomputer, a display unit for allowing the operator to 
5 .determine the status of particular registers, and a postage 
printing mechanism. The printing mechanism and the electron- 
ic components are located within a secure housing, and 
unauthorized access is impossible without physical destruc- 
tion of parts of the housing. The housing mounts on a con- 

10 ventional meter base which performs the various paper 
handling * functions and contains the power supplies. 

The meter maintains data security under low power 
conditions by the use of functionally nonvolatile memory 
units. Register and other data which must survive normal and 

15 abnormal losses of power to the meter electronics are stored 
in dual redundant battery augmented memories (hereinafter 
designated BAMs) . The BAMs are also used to store historical 
information for maintenance purposes (e.g., total usage of 
print mechanism), information relating to particular features 

20 or options (e.g., fractional cents), batch information 

(number of pieces and dollar amounts), and failure informa- 
tion (discussed more fully below). The BAMs are mutually 
independent, and each BAM includes a low power CMOS memory 
and a long life (5 years or more) battery. While each BAM 

25 can be read independently of the microcomputer, writing of 
new data into each BAM can only occur under microcomputer 
program control. 

The meter maintains the integrity of its function- 
ing under low power conditions by generating and responding 

30 to two timed signals when a low power condition is sensed. A 
first signal, designated "SYSCLR" (system clear), has the 
effect of inhibiting all meter functions that could have an 
effect on the printing of postage or the register values in 
the BAMs. A second signal, designated "MPCLR" (micro- 

35 processor clear), inhibits execution by the microcomputer. 
The generation of these two signals in a particular time- 
ordered manner prevents spurious operation during power up 
and power down periods. 
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When the supply voltage supplied to the meter falls 
below a predetermined threshold deemed necessary to ensure 
continued reliable functioning of the electronic components, 
a portion of the circuitry initiates a graceful power down 
5 sequence. After a sufficient time to allow completion of any 
ongoing BAM register updates (about 20 milliseconds), a 
SYSCLR signal is generated, i.e., SYSCLR goes true, inhibit- 
ing writing to the BAMs, and disabling the print mechanism. 
Then, after a delay (about 1 millisecond), an MPCLR signal is 
10 generated, i.e., MPCLR goes true, and the microcomputer is 
disabled. A capacitor within the meter retains sufficient 
charge at a voltage above that required by the electronic 
components to ensure that the circuitry operates reliably 
during the power down sequence. 
15 An analagous sequence occurs when power is first 

applied to the meter circuitry during a power up cycle. When 
the supply voltage to the meter electronics is non-zero but 
still below the predetermined threshold level, MPCLR and 
SYSCLR go true. After a sufficient interval after the time 
20 that the voltage has risen to the predetermined threshold 
value to ensure reliable microcomputer operation (about 50 
milliseconds for the particular microcomputer used), MPCLR 
goes false, which allows the microcomputer to start executing 
an initialization routine. Then after a delay (about 2 
25 milliseconds) SYSCLR goes false to permit normal meter 
functioning. 

The basic operating philosophy of the postage meter 
is to maintain security under normal operating conditions by 
having the microcomputer supervise and verify the various 

30 meter functions. 

Printing is strictly supervised by the micro- 
computer. The meter employs a print mechanism comprising a 
print head which includes a plurality of print wheels, and a 
plurality of stepper motors corresponding to the plurality of 
35 print wheels, each motor controlling the positioning (index- 
ing) of an associated one of the plurality of print wheels. 
Each stepper motor has verification means for generating a 
* digital code, preferably binary coded decimal (BCD) code. 
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corresponding to the print wheel position. Locking means, 
such as a solenoid, under exclusive control of the micro- 
computer maintains the print head locked up in the home 
position except when printing is to be carried out in accord- 
5 ance with instructions from the microcomputer. Before free- 
ing the print head for printing, the microcomputer verifies 
that the print wheels are in the positions corresponding to 
the desired amount of postage to be printed. 

Changes to the register values in the BAMs can only 

10 occur under control of the microcomputer. In regular use, 
the meter is in a condition designated "mail room" mode 
wherein the only instructions available to the operator for 
changing the register values stored in the BANS are the 
instructions for initiating a postage printing cycle. The 

15 effect of the print cycle is to decrement the descending 

register and increment the ascending register by the amount 
of postage printed. Register updating occurs only upon the 
receipt of a signal from the base that a clutch in the motor 
that drives the print head had been pulled or an internal 

20 signal that the print head has left its home position. As 

discussed above, the print head is freed only after the print 
wheel positions have been verified. Only authorized per- 
sonnel can cause the microcomputer to execute a series of in- 
structions to increase the control total value and descending 

25 register value by an amount corresponding to an amount of 

postage that is being added to the meter. Such instructions • 
can only be executed when a mode-changing switch is actuated 
to switch the meter to a condition designated "post office" 
mode. In order to actuate the mode-changing switch, a seal 

30 must be broken and the switch unlocked with a special key 
available only to authorized personnel. The meter is not 
mounted on a base in the "post office" mode since no printing 
is to occur but rather, the meter is provided with external 
power to operate the electronic control circuitry. 

35 All updating of register values, whether at the 

initiation of the print cycle or at the time of purchase of 
additional postage, occurs according to a checked arithmetic 
algorithm. The basic arithmetic constraint is that the 
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ascending and descending registers sum to the control total.. 
The mechanics of the checking and the updating differ some- ; 
what, depending on whether the meter is in the -mail room" or 
"post office" mode. In both cases, an extra "temporary" copy 
of the ascending and descending register values and control 
total is stored in the BAMs, in addition to the redundant 
"permanent" values. A consistency check is made to ensure 
that the register values in one BAM agree with the correspond- 
ing values in the other BAM. In the "mail room" mode the 
temporary values are updated as each character is entered on 
the keyboard? in the "post office" mode updating of the 
temporary registers occurs only after the entire keyboard 
entry is complete. At each update of the temporary register 
values, the values are checked for adherence to the arxth- 
15 metic constraint. Updating of the permanent registers occurs 
during the print cycle in the "mail room" mode and xn 
response to a particular keyboard sequence in the "post 
. office" mode. The updated permanent registers are then 
checked for agreement between BAMs and for adherence to the 

20 arithmetic constraint. 

It is apparent that the use of redundant BAMs, the 
maintenance of temporary register values in the BAMs, and the 
manner of updating the BAM registers prevent the loss of 
correct register values in the event of many types of mal- 
function. For example, if the microcomputer were to cease 
execution while updating the permanent registers iH.the BAMs 
in either the "post office" or *mail room" mode, the tempor- 
ary registers would still provide sufficient redundant infor- 
mation to permit retrieval of the correct register values. 

However, once a malfunction has occurred, the meter 
no longer possesses the redundancy necessary to maintain 
security in the event of a further malfunction. Accordingly, 
there is provided a mechanism for disabling the meter once a 
first malfunction is detected. This results in a meter that 
possesses a level of fault tolerance wherein security xs 
maintained in spite of a single malfunction. The meter xs 
still susceptible to loss of the correct register values xf 
two independent malfunctions occur in a particular comple- 
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mentary way (e.g., loss of power to one BAM and memory fail- 
ure of the other BAM; simultaneous loss of power to both 
BAMs; compensating arithmetic errors in both of the BAMs). 
Such combinations of malfunctions are extremely rare since 
5 the individual malfunctions are basically independent occur- 
rences that are themselves rare. 

The meter disabling mechanism includes dual 
redundant flip-flops which are set to a "faulted" state upon 
detection by the microcomputer of a failure condition. These 

10 flip-flops are powered by the BAM batteries. The setting of 
these fault flip-flops lights an indicator lamp and generates 
a SYSCLR signal to inhibit all meter functions that could 
have an effect on the register values in the BAMs. In addi- 
tion, the setting of the fault flip-flops generates an MPCLR 

15 signal to cause the microcomputer to cease execution. Set- 
ting of the fault flip-flops is inhibited by the presence of 
a SYSCLR signal, so that the fault flip-flops cannot be set 
during power up and power down cycling. The fault flip- 
flops, once set, hold SYSCLR and MPCLR true whenever power is 

20 supplied to the meter. They cannot be reset except by physi- 
cal access to the meter interior, which access is only avail- 
able to authorized personnel at the factory. 

The fault flip-flops are also set when the micro- 
computer fails to properly execute its own operating program. 

25 Under proper conditions, the iidcrocomputer periodically 

generates a signal which triggers two independent ^monos table 
multivibrator circuits, preferably retriggerable one-shots, 
to maintain a particular logic level on the one-shot output. 
The microcomputer responds to the detection of a fault condi- 

30 tion by not triggering the one-shots. When there appears on 
the one-shot output a logic level that corresponds to the 
failure of the microcomputer to generate this signal, the 
fault flip-flops are set. In addition to programmed failures 
to trigger the one-shots, any circumstance (such as micro- 

35 computer failure) that prevents the microcomputer from trig- 
gering the one-shots has the effect of causing the meter to 
fault. Thus, the mechanism for setting the fault flip-flops 
exploits the microcomputers ability to diagnose failures but 
may also be activated should the microcomputer itself fail. 
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Adherence of the register values to the arithmetic 
constraint, and consistency between the BAMs, as described 
above, are considered absolute prerequisites to continued 
meter operation. Thus if an arithmetic check yields incon- 
sistent results, or if corresponding registers in the two 
BAMs disagree, the meter faults after writing an appropriate 
failure code to the BAMs. All writing to the BAMs is veri- 
fied, and an error causes the meter to fault, preceded by the 
writing of an appropriate failure code. 

During the printing operation, the microcomputer 
and associated logic elements test for various indications of 
malfunction of the print value setting and printing mechan- 
isms. In particular, if during a printing operation the 
print head leaves its home position before the print wheels 
are positioned or the print head fails to leave its home 
position within a predetermined maximum time period (100 
milliseconds) of the receipt of a clutch signal, the meter 
faults. In such cases, a numeric code representative of the 
particular problem detected is written to the BAMs prior to 
deactivation of the meter. 

Other types of malfunction do not pose an immediate 
threat to security, and tend to be self-curing or one-time 
occurrences. These situations are handled by turning off the 
displays and stepper motors, locking the print solenoid, and 
causing the microcomputer to execute a trivial wait loop 
while still continuing to fire the one-shots-. This condition 
is designated a "soft fault". The typical cause of a soft 
fault is some sort of mistake which necessitates suspending 
operation to prevent a second mistake which could cause an 
error. The mistake may arise from operator error, base 
malfunction, dirt, or noise. An example of soft fault is the 
apparent failure of a print wheel to move from one position 
to an adjacent position within a predetermined maximum time 
period (12.8 milliseconds). In many instances, the cause 
might be due to imperfect operation of the verification 
means, such as poor electrical contact due to dirt. In such 
a case, reinitializing the meter which causes the motors to 
be stepped through their entire range would cure this 
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problem. Another example of a soft fault is the detection of 
a clutch signal when it is not expected. This could be 
caused by a malfunction in the base or it could result from 
improper paper handling by the operator. Again, reinitialize 
5 ing the meter would cause this problem to go away. A further 
example of a soft fault is the inability to verify a BAM 
address. Since the BAM address lines communicate outside the 
meter housing, they are susceptible to electrical noise which 
could cause a bad address verification. Again, this problem 
10 is likely to be intermittent in nature and does not pose a 
threat to security so long as no attempt is made to write to 
the BAMs. 

Yet a further potential threat to the meter's 
security is present if the mode-changing switch malfunctions, 

15 giving a spurious indication to the microcomputer that the 
meter is in the "post office" mode since this could allow an 
unauthorized (unpaid for) increase of the control total and 
descending registers. To prevent such an occurrence, the 
microcomputer checks the mode-changing switch during initial- 

20 ization and at the beginning of a print cycle. If the meter 
is found to be in the "post office" mode while apparently 
mounted on a base at either of these times, a soft fault 
condition is considered to have occurred. One possible cause 
_ of such a condition is if a postal service employee actuates 

25 the mode changing switch while the meter is mounted on a 
base. So long as operation is suspended, no threat to 
security exists, and the soft fault condition is cured by 
having the postal service employee reinitialize the meter 
tinder external power (meter off base) or on the base but in 

30 the "mail room" mode. 

During initialization, the microcomputer checks to 
make sure that no nonzero failure codes have been written to 
the BAMs. Once an error code has been written to the BAMs 
and the meter has faulted, it should be impossible to ini- 

35 tialize the meter since the fault flip-flops hold MPCLR true 
when power is supplied. Thus, detection of a nonzero failure 
code is a possible indication of a BAM failure or an inabil- 
ity to read a good zero from the BAMs, and causes the meter 



0019515 



12 

to fault. Due to the nature of the error, no attempt is made 

to write a failure code. 

Once the meter has been set to a "faulted" state,; 

the BAM contents may still be read out independently of the^ 
5 microcomputer. During this time, the microcomputer is i 

prevented from accessing the BAMs. This is accomplished by 

allowing power necessary to read the BAMs to be supplied to 

the BAMs without supplying power to the microcomputer. 

Moreover, even if the microcomputer is powered, MPCLR pre- 
10 vents it from executing instructions and SYSCLR isolates it. 

The various, register values and the fault code then allow a 

reconstruction of the proper register values. 

For a further understanding of the nature and 

advantages of the invention, reference should be had to the 
15 ensuing detailed description taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of the exterior of a 

microcomputerized postage meter according to the present 
20 invention; 

Fig. 2 is a perspective view of part of the print 
mechanism located within the housing of the meter; 

Fig. 3 is a schematic block diagram of the 
electronic meter system; 
25 Fig. 4 is a system flow chart illustrating the gen- 

eral operation of the invention; , 

Fig. 5 is a circuit diagram of the exte r na l power 
levels that are communicated from the base to the meter; 

Fig. 6 is a circuit diagram of signals communicated 

30 from the base to the meter; 

Fig. 7 is a circuit schematic of circuitry for 
generating certain internal signals within the meter; 

Fig. 8 is a circuit schematic of the power surveil- 
lance and system reset circuitry of the present invention; 
35 Fig. 9 is a circuit schematic of the circuitry that 

inhibits meter functioning upon detection of a fault 
condition; 
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Fig. 10 is a timing diagram illustrating the 
voltage levels responded to by the power surveillance cir- 
cuitry of Fig. 8, and the signals generated by the system 
reset circuit of Fig. 8; 

Figs 11a, lib, and 11c, taken together form a cir- 
cuit schematic illustrating the microcomputer and BAN control 
circuitry; 

Fig. 12a and 12b, taken together, form a circuit 
sche m atic illustrating the microcomputer circuitry for 
refreshing the displays and reading the switches; 

Fig. 13 is a circuit schematic illustrating cir- 
cuitry for controlling the print wheel motors and reading the 
verification contacts; 

Fig. 14 is a schematic illustrating a suitable 
memory allocation of registers required by the operating 
program of the microcomputer; 

Fig. 15 is a schematic illustrating a suitable bit 
allocation for the switch registers; 

Fig. 16 is a schematic illustrating a suitable bit 
allocation for the status and print routine registers; 

Fig. 17 is a flow chart of the foreground routine; 

Fig. 18 is a schematic illustrating the organiza- 
tion of the RAMs and the memory allocation of register values 
stored therein; 

Fig. 19 illustrates in tabular form the temporary 
register contents after various operations; 

Figs. 20a, 20b, and 20c, taken together, form a 
flow chart of the print task routine; 

Figs. 21a and 21b, taken together, form a flow 
chart of the keyboard task routine. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning now to the drawings. Fig. 1 is a perspec- 
tive view of the exterior of a postage meter 5 according to 
the present invention. Meter 5 includes an exterior housing 
10 for containing a print mechanism and electronic control 
system described in detail below. In operation, meter 5 is 
installed on a mailing machine base, not shown, which con- 
tains power supplies for the meter, performs paper handling 
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functions (envelopes or tapes), communicates synchronizing 
signals to the electronic control system, and provides mech- 
• anical power for activating (but not setting) the print 
mechanism. Since the mailing machine base comprises a con- 
5 ventional ancillary device, a detailed description of the 
elements thereof is omitted to avoid prolixity. 

The exterior components of meter 5 generally 
include a control panel and a door behind which is a postal 
service employee's panel. The control panel includes a 
10 keyboard 12, displays 15 and 17, indicator lights 20 and 22, 
and selector switches 25 and 27. The postal service 
employee's panel includes a remote power connector 28 for 
powering the meter when it is removed from a base, and a 
keylock operated mode changing switch 30 which, when actu- 
15 ated, places the meter in a "post office" mode to permit the 
postal service employee to change the register values to 
reflect a purchase of additional postage. Access to con- 
nector 28 and switch 30 requires the breaking of a seal 31 
and subsequent sliding of door 11. 
20 The plurality of keyboard keys, switches 25, 27, 

and 30, and displays 15 and 17 allow the operator or postal 
service employee to communicate with the internal electronic 
control system and to specify the necessary control signals 
for operation of the electronic control system and the print 
25 mechanism. Meter 5 may also operate under- control of exter- 
nal devices (e.g. an electronic weighing' station) and thus 
includes suitable connections for communicating electrical 
signals to the electronic control system within housing 10. 
Hereinafter, the term "switches", when used generally, will 
30 be taken to include the above switches and keys, the base 
synchronization signals, and signals from external devices. 

Keyboard 12 comprises a calculator configured digit 
field including ten numbered keys 38, and special function 
keys 40 and 42, designated clear KB and clear batch, respec- 
35 tively. Data entry is effected by manually actuating 

numbered keys 38 in a sequence corresponding to the desired 
entry. The most significant digit is entered first, normally 
with a maximum dollar entry capacity of four digits (99.99 or 
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9.999 if a fractional cents meter). Attempts to continue 
entry beyond the four digit maximum are ignored. This entry 
capacity expands to up to eight digits when the meter is in 
the "post office" mode, the maximum number of digits being a 
5 preset parameter. 

Display 15 is preferably a four-digit numeric 
display having characters sufficiently large to be readily 
visible in normal operation. A character height of about 0.6 
inches is suitable. As data is entered via keys 38, it is 

10 displayed on display 15. As values are keyed in, they enter 
the right-most digit and are shifted left for each valid 
subsequent keyboard entry. Depression of clear KB key 40 
clears the keyboard entry and display 15. Simultaneous 
depression of clear batch key 42 and clear KB key 40 initial- 

15 izes internal batch count and batch dollars registers. 

Display 17 is preferably a nine-digit numeric display and is 
used for displaying register values. Since this display is 
generally used less often than display 15, a smaller char- 
acter size (e.g., approximately 0.125 inches) than that used 

20 for display 15 is suitable. Five position slide switch 25 
allows the user to select an internal register to be dis- 
played on display 17. In particular, descending register 
value, ascending register value, control total value, batch 
dollar amount, and batch count may be displayed. Two- 

25 position selector switch 27 has effect only if meter 5 has 
been pre-programmed as a "fractional cents" meter. In 
effect, switch 27 allows the operator to overide the frac- 
tional cents aspect during keyboard entry so that the last 
digit entered corresponds to cents rather than tenths of a 

30 cent. 

When lit, indicator lights 20 and 22 serve to warn 
the operator that a condition has occurred which makes it 
necessary to at least temporarily suspend operation of the 
meter. Indicator light 20, designated "Service", is lit 
35 when the meter has been internally set to a faulted state. 
When light 20 is lit, the meter is inoperative, and must be 
returned to the factory before it can be used again. In 
addition, no set of keyboard entries or sequence of powering 
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the meter can restore operation, and access to the housing 
interior, possible only at the factory, is required to place 
the meter in operative condition. Indicator light 22, desig- 
nated "Add is lit vhen the amount of postage entered 
5 would cause the descending register value to become negative 
upon printing. Depressing "clear entry" key 40 extinguishes 
light 22 and allows subsequent meter operation at postage 
values which will not cause the descending register value to 
become negative. 

10 The amount of postage available for printing may be 

changed by a postal service employee by placing meter 5 in 
the "post office mode". This is possible only when the 
postal service employee breaks seal 31 on switch 30, and 
enables movement of switch 30 to the "post office mode" 

15 position by actuation Of keylock 32. When this occurs, keys 
40 and 42 and switch 25 take on different functions. When 
switch 25 is moved to either of the batch register display 
positions, nine-digit display 17 functions as a keyboard 
verification display. Keyboard keys 38 retain their normal 

20 function of data entry, but special keys 40 and 42 allow the 
postal employee to change the values of the accounting 
registers. In particular, depression and release of clear 
batch key 42 causes the keyboard entry to be added to the 
descending register and the control total values. If clear 
25 KB key 40 is depressed while clear batch key 42 is also de- 
pressed, the keyboard entry is subtracted from the; descending 
register and control total values when "dear batch" key 42 
i6 released. 

Fig. 2 is a perspective view of portions of the 
30 print mechanism located within housing 10 of meter 5. The 

print mechanism comprises a print head having a plurality of 
print wheels, a plurality of stepping motors (hereinafter 
sometimes referred to as steppers) to independently set the 
print wheels, and means for moving the entire print head to a 
35 printing position without disturbing the print wheel set- 
tings. Fig. 2 shows the print wheel setting means for a 
single digit. A print wheel 43 having a plurality of value 
indicating print surfaces 44 is driven by a stepping motor 
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45. Additional motors 46, 47, and 48, while not shown in 
Fig. 2, are shown schematically in Figs. 3 and 13. Stepping 
motor 45 drives a gear 49 which engages a rack 50. Rack 50 
is rigidly connected to a drive yoke 52 which carries a 

5 rotatably mounted drive ring 55. Drive ring 55 is slidably 
mounted on a rotatable bar 57 which has a channel 60 along 
its length. A rod 62 is disposed within channel 60, being 
coupled to drive ring 55 at one end and terminating in a rack 
portion 65 at the other end. Print wheel 43 has a gear 68, 

0 and rack 65 drives print wheel 43 through gear 68 and an 
idler gear 70. 

Thus, rotation of gear 49 on the output shaft of 
motor 45 causes movement of rack 50 along the direction of 
bar 57. Movement of drive yoke 52 is transmitted through rod 

5 62 and idler gear 70 to gear 68 and print wheel 43. Motor 45 
is coupled to a position sensor 75, which in the preferred 
embodiment comprises verification contacts for generating a 
binary code representative of the position of an internal 
wiper connected to the motor shaft. Additional position 

:0 sensors 76, 77 and 78 are associated with motors 46, 47, and 
48, respectively, and while not shown in Fig. 2, are shown 
schematically in Figs. 3 and 13. 

It should be understood that a separate subassembly 
comprising a stepping motor, a motor gear rack, a position 

!5~ sensor, a drive yoke, a drive ring, a rod, a print wheel 

rack, an idler gear, and a print wheel substantially similar 
to elements 45, 50, 75, 52, 55, 62, 65, 70, and 43 is pro- 
vided for each digit that can be printed. Thus, in the 
preferred embodiment where four digits may be printed, there 

JO are four such subassemblies. However, there is only one 

channeled bar 57, channel 60 being sized to accomodate four 
rods (including rod 62) in a side by side configuration. 

Printing occurs by a rotation of bar 57, the mech- 
anical power being supplied by the base. It should be noted 

35 that the drive yokes, while movable along bar 57, are pre- 
vented from rotating. Rather, bar 57 rotates independently. 
The print head (which includes the print wheels) is main- 
tained in a fixed relationship with respect to bar 57 so that 
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rotation of bar 57 brings the print head from a normally 
upwardly facing disposition into a downwardly facing position 
for printing, during which the print wheels are exposed at an 
opening in the bottom of housing 10. A solenoid 85, shown 
schematically in Fig. 12 prevents movement of the print head 
in the absence of a specific print enabling signal. 

Fig. 3 is an electrical schematic showing in func- 
tional block diagram form the electronic circuitry located 
within meter 5. Whenever meaningful, reference numerals 
corresponding to those associated with the physical repre- 
sentation of the same components in Figs. 1 and 2 are used. 

The central element in the meter electronic cir- 
cuitry is a microcomputer 90 having contained program memory, 
working memory, and processing capabilities. During opera- 
tion, microcomputer 90 is responsible for performing several 
functions, including periodic refreshing of the displays, 
periodic sampling of all the switches, communication with 
external devices, detection of synchronizing signals from the 
base that signify the initiation of a print cycle, initiating 
and verifying print wheel setting, and performing accounting 
functions. Since microcomputer 90 is required to communicate 
with a relatively large number of peripheral devices, it 
operates in conjunction with input/output (hereinafter desig- 
nated I/O) expansion circuitry. The I/O expansion circuitry 
includes I/O expanders 92 and 93, demultiplexers 94 and 95 
and multiplexers 96 and 97. As will be described in detail 
below, I/O expander 92 provides signal paths, via demulti- 
plexers 94 and 95 and multiplexer 96, between microcomputer 
90 and the displays and switches. The switch status is 
communicated to microcomputer 90 on an output line 98 of 
multiplexer 96. In a like fashion, I/O expander 93 allows 
microcomputer 90 to send signals for driving the stepping 
motors, while multiplexer 97 allows microcomputer 90 to 
receive information on a line 99 from the motor position 
sensors* 

In addition to the switches, displays, motors, 
position sensors and I/O expansion circuitry described above, 
the circuitry includes dual redundant battery augmented 
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memories 100 and 102 (BAMs) • The BAMs are used to store 
information which must survive normal and abnormal losses of 
electrical power to the meter. This includes register data 
(ascending register value, descending register value, control 
5 total value), batch count information, and failure informa- 
tion, all to be discussed in greater detail below. 

The circuitry also includes power surveillance cir- 
cuitry 105 for detecting what is anticipated to be a low 
power situation, and system reset circuitry. 110 that responds 

10 to low power conditions by generating timed signals, desig- 
nated "SYSCLR" (system clear) and "MPCLR U (microprocessor 
clear), in a particular time ordered manner for a graceful 
power up or power down sequence. Dual redundant fault flip- 
flops 111 and 112 are coupled to the system reset circuitry 

15 to inhib it, meter functioning once the flip-flops are set to a 
"faulted" condition. Flip-flops 111 and 112 are maintained in 
a non-faulted state by the outputs of dual redundant retrig- 
gerable one-shots 113 and 114, respectively. During opera- 
tion, so long as no failure condition is detected, microcom- 

20 puter 90 periodically sends a signal to one-shots 113 and 114 
to prevent flip-flops 111 and 112 from being set. Setting of 
flip-flops 111 and 113 occurs whenever the microcomputer 
fails to send a signal to one-shots 113 and 114 within a 
predetermined time period. This occurs either when the 

25 microcomputer detects any one of a number of failure indi- 
cating conditions, or when the microcomputer itself fails to 
properly execute its operating program. 

Microcomputer 90 communicates with the remaining 
circuitry primarily via three eight-bit data buses %20, 125, 

30 and 130, designated DB, PI, and P2 respectively. Individual 
lines on buses 120, 125, and 130 are designated DB0-DB7, 
P10-P17, and P20-P27, respectively. Buses 120 and 125 com- 
municate with external peripheral I/O devices, designated 
generally by reference numeral 131. I/O devices 131 communi- 

35 cate signals which cause microcomputer 90 to carry out the 
same tasks as it would in response to corresponding switch 
manipulations. Within meter 5, certain of these data lines 
serve dual functions. In particular, bus 125 communicates 
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with BAMS 100 and 102 for supplying an address, and with 
displays 15 and 17 through a buffer 128 on an eight-bit line 
129 for supplying a digit code. Also, lines 132 and 133 of 
bus 130 serve the dual function of selecting which of BAMS 
100 or 102 is to be accessed and of selecting which of I/O 
expanders 92 and 93 is to be accessed via four-bit line 134 
of bus 130. Additionally, a four-bit line 135 from I/O 
expander 92 communicates with the BAMs for supplying data and 
further communicates with multiplexer 97 for selecting a 
particular bit from one of motor position indicators 75-78. 

Having discussed the general structure of the meter 
electronic circuitry, the general operation, of meter 5 under 
the control of microcomputer 90 may be described. Broadly, 
microcomputer 90 executes instructions according to an oper- 
ating system which includes an initialization routine, a 
foreground routine, a power loss interrupt routine, a back- 
ground dispatcher loop, and a plurality of background tasks, 
including subroutines. The background dispatcher loop is, in 
effect, the main program, and will sometimes be referred to 
as such. Fig. 4 is a flow chart illustrating the relation- 
ship between the initialization routine, the background dis- 
patcher loop, and the background tasks. 

Given the conflicts on buses 120 and 130 it is 
necessary that data or addresses on these lines that could 
affect access to the BAMs not be disturbed by an attempt to 
use one of the lines for its alternate function: .Thus, the 
operating system of microcomputer 90 m a intains a sharp divi- 
sion between those portions of the program that access the 
BAMs (designated background) and those portions of the 
program according to which microcomputer 90 communicates with 
the switches, displays, and the like (designated foreground). 

The background dispatcher loop and the various 
background tasks are responsible for the normal meter func- 
tions including print supervision and accounting, and rely on 
information supplied by the foreground routine. The fore- 
ground routine is executed in response to a periodic timer 
interrupt generated by a timer inside microcomputer 90 and 
has the basic functions of energizing the displays, reading 
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the switches and base synchronization signals, and sending 
signals to one-shots 113 and 114 to prevent fault flip-flops 
111 and 112 from faulting the meter. The state of the vari- 
ous switches ascertained by the foreground routine is stored 
5 in switch registers within the working memory of micro- 
computer 90, so as to provide information to other parts of 
the operating system. The basic constraints on the timer 
interval are imposed by the requirements that the display 
digits be energized a particular number of times per second 
10 and that the keyboard switches be read more often than the 

TniTiTimim duration of a switch closure. As will be seen below, 
the rate at which the one-shots must be triggered is an 
easily varied parameter. 

Upon receipt of a signal from power surveillance 
15 circuitry 105, an interrupt is generated, and the power loss 
-interrupt routine is entered. This routine blanks displays 
15 and 17, deenergizes stepping motors 45, 46, 47, and 48, 
and sets solenoid 85 to the print disabling position. The 
routine also sets a bit in memory, in analogy to the switch 
20 registers to communicate to the background that a power loss 
interrupt has occurred. 

Turning to the background, with reference to Fig. 
4, after execution of the initialization routine (block 150), 
microcomputer 90 sets a bit in its memory to signify that no 
25 BAM accesses are in progress, this state being designated 
"enable foreground" (block 152 ) , and enters the background 
dispatcher loop indicated generally within dafehed' rectangle 
154. Within this loop, microcomputer 90 sequentially checks 
the status of the power loss bit and various so-called WAKEDP 
30 bits that will have been set by the foreground routine, and 
jumps to an appropriate background task as required. The 
first check is whether the power loss bit has been set (block 
158). If it has, microcomputer 90 executes a wait loop 160 
until the system reset circuitry generates an MPCLR signal to 
35 cause microcomputer 90 to cease execution. Assuming no power 
loss, microcomputer 90 sequentially checks the WAKEUP bits to 
determine whether a register display is required (logical 
branch 162), whether the meter is in a print cycle (logical 
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branch 164), whether an I/O request has been made (logical 
branch 166), whether the keyboard register has changed indi- 
cating a new keyboard entry (logical branch 168), and whether 
a print task is to be performed (logical branch 170), before 
returning to the beginning of the background dispatcher loop. 
During a print cycle, I/O requests and new keyboard entries 
are ignored, as indicated by branch 171- 

Assuming that a register is to be displayed, that 
an I/O request is present, that a new keyboard entry has been 
made, or that a print task is to be performed, the program 
jumps to the appropriate background task indicated by blocks 
172, 176, 178, and 180 respectively. The particular features 
of the background task routines will be described in detail 
below. Since execution of each of these background tasks 
involves access to the BAMs at some point, the foreground is 
immediately disabled so that data on the lines to the BAMs 
will not be overwritten during the execution of the fore- 
ground routine which occurs in response to a timer signal not 
under the control of the background dispatcher loop. After 
completion of the appropriate tasks, each of the background 
routines returns to the background wait loop after enabling 
the foreground (block 152). Under certain circumstances, the 
print task routine does not return directly to the main 
background loop, but first jumps to a portion of the keyboard 
task return before returning (blocks 182 and 183). 

A detailed description of the foreground routine is 
deferred until after the structure of the meter "electronic 
circuitry has been set forth in greater detail. Neverthe- 
less, the following general description is set forth in order 
to make clear the overall operation of the meter operating 
system. The foreground routine does not accomplish all its 
tasks on a single entry. Rather, a total of 27 timer inter- 
rupts are required for a complete cycle. Thus a 400 micro- 
second timer interval results in a cycle time of about 11 
milliseconds, which correlates with the need for the digits 
of display 17 to be energized approximately 80 times per 
second. Also, the 11 millisecond interval is considerably 
shorter than the 50 millisecond minimum duration of a pulse 
resulting from the depression of a keyboard key. 
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The digits on display 15, requiring greater bright- 
ness than those x>n display 17 must be energized more often. 
In particular, display 15 is energized four times for every 
time that on display 17 is energized: As will be discussed 
5 in greater detail with reference to Figs. 12a and 12b, send- 
ing a signal to energize a particular digit on display 15 or 
17 allows a particular position of register display selector 
switch 25 or a particular keyboard switch 38 to be read; The 
state of the remaining switches must be separately deter- - 

10 mined. Since switch noise having a duration of approximately 
2 milliseconds is inevitably present during the initial 
actuation of a switch, the foreground routine debounces. the 
switches and does not consider a switch state to have changed 
unless it remains changed oh two successive readings (i.e., 

15 for more than 11 milliseconds ) . 

Upon entering the foreground routine in response to 
an interrupt from the 400 microsecond timer, microcomputer 90 
checks the foreground bit to determine whether the foreground 
is enabled or whether a background task was in progress. If 

20 the foreground is enabled, the routine does the. appropriate 
display energization and/or switch state read according to a 
sequence to be described below. Assuming the foreground is 
enabled, the routine then checks whether the interrupt is a 
particular one in the sequence that requires a signal to be 

25 sent to the fault one-shots and only triggers the one-shots * 
at that particular point in the sequence. If the foreground 
was not enabled, the routine triggers the fault one-shots 
regardless of the interrupt r s position in the sequence con- 
trol and then passes to the background routine. 

30 The discussion immediately following is with refer- 

ence to Figs. 5-13 which are circuit schematics illustrat- 
ing in greater detail the electronic meter .system set forth 
in the block diagram of Fig. 3. Accordingly, in the discus- 
sion that follows, reference should, at appropriate times, 

35 also be made to Tig. 3. The circuit elements are, wherever 
practical, solid state integrated circuit components. Suit- 
able components are set forth in the following table: 
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Time 


Manufacturer 




8049 


Intel 


HAM 


P5101L-1 


Intel 




P8243 


Intel 




TM2903P 


National Semiconductor 




ULN2003AN 


Texas Instruments ' 




MC14538BP 


Motorola 


HAND gate 


MCX4UJLJJr 


KlUU/iLvXil 


NOR gate 


HC14001 


Motorola 


OR gate 


HC14071 


Motorola 


Multiplexer 


74C150 


National Semiconductor 


Demultiplexer 


74145 


Texas Instruments 


It should be 


noted that the 


preferred type of 



microcomputer (Intel microcontroller 8049) includes 2048 

15 bytes of read only memory (hereinafter designated ROM) which 
is programmed with the desired operating program by the 
manufacturer. During the period that the invention was 
undergoing development, a type 8035 microcontroller having no 
ROM of its own was used in connection with an Intel 8755A 

20 memory chip which provides 2048 bytes of UV programmable ROM, 
to .facilitate changes to the operating program. 

Figs. 5 and 6 are circuit diagrams illustrating 
external power levels and signals that are communicated from 
the base to the postage meter. Communication is preferably 

25 established by a multiple conductor cable having suitable 

connectors at its ends to mate with corresponding sockets on 
the base and on the meter. 

Turning first to Fig. 5, various power levels are 
shown. An external source of at least +9.6 volts, designated 

30 VLOGIC is coupled to a line 200 in meter 5. The voltage on 
line 200 charges a large (e.g. 10,000 microfarad) capacitor 
201. T-"«»"» 200 communicates to an input of a 5-volt regulator 
202 to produce a regulated +5 volt power level, designated 
VCC, on a line 205. VCC is used for powering various inte- 

35 grated circuit components within meter 5 that require a 
regulated +5 volt source. 

BAMs 100 and 102 are powered by separate voltage 
sources, designated VBAM1 and VBAM2. These voltages are 
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produced on respective lines 210 and 212, within meter 5. A 
related +5 volt level, designated VBAMO, is generated on a 
line 215. A first pair of 2.8 volt batteries 220 i6 coupled 
to line 210 via three diodes 225 in series. Similarly, a 
second pair of 2.8 volt batteries 230 is coupled to line 212 
through three diodes 235 series. VLOGIC is coupled to a line 
240 within meter 5, and is regulated to +5.7 volt by a 5 volt 
regulator 242 and a diode 245 to ground. The regulated 
output voltage appears at a circuit point 250 and is communi- 
cated to line 215 through a diode 251. Circuit point 250 is 
coupled to line 210 through a diode 252 and to line 212 
through a diode 255. 

Two levels, designated VEXT1 and VEXT2, are communi- 
cated to respective lines 258 and 260 within meter 5. How- 
ever, these lines are not powered when the meter is on a 
base, but rather are powered independently and mutually 
exclusively of VLOGIC when the BAM contents are to be read 
independent of microcomputer 90. VEXT1 also communicates to 
lines 210 and 215 through respective diodes 262 and 263. 
Similarly, VEXT2 communicates to lines 212 and 215 through 
respective diodes 265 and 266* 

Since the voltage from regulator 242 exceeds the 
voltage of batteries 220 and 230, when VLOGIC is supplied to 
line 240, the regulated output of regulator 242 supplies 
power on lines 210 and 212. This produces a level of +5 volt 
on lines 210 and 212, there being a voltage drop of approxi- 
mately 0.7 volts across each of diodes 252 and 255. When 
there is no power from regulator 242, batteries 220 and 230 
provide power to lines 210 and 212, respectively. Batteries 
220 and 230 are preferably lithium primary cells having a 
shelf life typically in excess of ten years. Suitable bat- 
teries are manufactured by Mallory. 

Two additional external power sources in the base 
are coupled to meter 5. A source of +34 volt, designated 
VMOTOR, is coupled to a line 270 within meter 5 to supply 
power to stepping motors 45, 46, 47, and 48. A source of +5 
volt, designated VDISP, is coupled to a line 275 within meter 
5 to supply power for the digits of displays 15 and 17. 
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In addition to supplying power to meter 5, the base 
performs paper handling functions, and communicates signals 
to meter 5 in order to synchronize the activity within meter 
5 with the paper handling that is ongoing. These signals are 
5 illustrated schematically in Fig. 6. A grounded connection 
in the base is communicated to a line 280 within the base to 
supply a signal designated MB, which is low whenev er th e 
meter is mounted to a base. A signal, designated TAPE is 
communicated to a line 282 within meter 5, a low level signi- 

10 fying to the meter that a postal tape is to be printed. A 
signal, designated ENVELOPE is communicated to a line 285 
within meter 5, a low level signifying that an envelope is to 
be printed. A signal, designated REPEAT , is communicated 
to a line 287 within meter 5, a low level signifying that 

15 multiple tapes are to be printed with the same value. A«: 
signal, designated CLUTCH , is communicated to a line 290- 
within meter 5, a low level signifying the fact that a clutch 
within the motor in the base that provides mechanical power 
to the print head within the meter has been p ulled. An 

20 external interrupt signal, designated EXTINT , is communi- 
cated to a line 292 in meter 5 indicating the need to service 

an I/O request. 

From a functional point of view, the signals on 
lines 280, 282, 285, 287, 290, and 292 are treated like 

25 switches, the status of which is periodically determined by 
microcomputer 90 during execution, of the foreground routine 
in order to properly allocate task flow. 

Fig. 7 illustrates the generation of certain sig- 
nals within meter 5. A signal, designated POMODE , is 

30 produced on a line 295 to reflect the status of mode changing 
switch 30. Mode changing switch 30 is magnetically coupled 
to a Hall Effect sensor 297 within meter 5. The normal state 
communicates a high level to line 297, indicating that the 
meter is in the "mail room mode". When switch 30 is placed 

35 in the "post office mode" position, sensor 297 communicates a 
low level to line 295. 

The position of the print head is detected by a 
Hall Effect sensor 300 which cooperates with an iron element 
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301 on the printhead shaft. A signal, designated LEFT 
HOME , is produced on a line 302, the level on line 302 
being high when the print head is in its home position and 
low when the print head is away from its home position. 
5 Fig. 8 includes a circuit schematic of power 

surveillance circuitry 105. Power surveillance circuitry 105 
has the function of producing a signal, designated PWRLSS, on 
a line 330, whose level is high whenever VLOGIC is below 
about 9.5 volts. Line 330 is coupled to an output 335 of a 
10 voltage comparator 340. Comparator 340 is supplied at a 
first input 341 with VCC, and at a second input 342 with a 
precisely maintained fraction of VLOGIC. The fraction is 
defined by a voltage divider including a 5.9K, 1% resistor 
345 and a 10K, 1% resistor 347. So long as VKX5IC remains 
15 above approximately 9.5 volts, the voltage at input 342 

remains above 5 volts. VCC, being a regulated output voltage 
based on VLOGIC, remains at 5 volts so long as VLOGIC remains 
above approximately 7 volts. When VLOGIC falls below 9.5 
volts, the voltage at input 342 falls below the voltage at 
20 input 341. Comparator 340 then causes a high level to appear 
at output 335 which is coupled to line 330. This PWRLSS 
signal is communicated to microcomputer . 90 on line 330 to 
initiate a power loss interrupt. 

The relative sequence of these events is best 
25 understood with reference to Fig. 10 which is a timing 
diagram illustrating a complete power up and power down 
cycle. As VLOGIC increases from 0 to 7 volts, VCC increases 
correspondingly from 0 to 5 volts. As VLOGIC increases from 
7 volts to about 9.5 volts or above, VCC maintai n s its regu- 
30 lated 5 volt output. During the increase of VLOGIC from 0 to 
7 volts, PWRLSS, which depends on VLOGIC which powers com- 
parator 340, rises to assume a high level. Once VLOGIC has 
increased above 9.5 volts, PWRLSS assumes a low level, the 
transition being designated 355. Similarly, as VLOGIC falls 
35 below 9.5 volts, PWRLSS assumes a high level, the transition 
being designated 358. PWRLSS remains high as VLOGIC 
decreases from 9.5 to 7 volts, and thereafter generally 
follows VLOGIC as it decreases towards 0. VCC remains at 5 



volts so long as VLOGIC is above 7 volts. 
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Transitions 355 and 358 in the PWRLSS signal are 
significant events that initiate a particular sequential 
generation of MPCLR and SYSCLR signals. This insures that 
operation of the electronic control system, including micro- 
computer 90, only occurs during periods when the available 
power is sufficient to ensure reliable operation of the 
components . Moreover, the sequence is designed to provide 
sufficient time to complete any updating of BAM registers 
before inhibiting microcomputer operations in order to main- 
tain data integrity • 

Broadly, SYSCLR, when high, inhibits operation of 
the print mechanism and writing data to BAMs 100 and 102. 
MPCLR, when high, inhibits operation of microcomputer 90 • 
Accordingly, MPCLR must go low before SYSCLR goes low and 
remain low until after SYSCLR goes high in order to ensure 
that microcomputer 90 maintains control at all times that 
printing could occur or data could be written to the BAMs« 

Referring to Fig- 10, the requirements on the 
timing of MPCLR and SYSCLR can be seen. Once PWRLSS has gone 
low, MPCLR must remain high for a duration 360 to ensure that 
microcomputer 90 has had power for a sufficient time to 
operate reliably. MPCLR then goes low, indicated schemati- 
cally as transition 362. Microcomputer 90 then commences 
operation and SYSCLR, which has been high, then goes low, to 
allow normal meter functioning. This transition, indicated 

365, must occur later than transition 362 by an 'interval 370. 

* - * * 

Similarly, when PWRLSS goes high, SYSCLR must remain low for 
a sufficiently long time to complete any writing to the BAMs 
that is in progress. A duration 372 must elapse before 
SYSCLR goes high, the transition being designated 375. After 
SYSCLR has gone high, MPCLR goes high, the transition being 
designated 377 occurring after transition 375 by an interval 
380. The length of intervals 370 and 380 is of no particular 
significance, so long as the particular ordering is main- 
tained. Intervals 360 and 372 are functions of the particu- 
lar hardware configuration and components used. For the 
embodiment described herein, interval 360 is preferably 
greater than 50 milliseconds while interval 372 is greater 
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than 20 milliseconds. During interval 372 it is necessary 
that VCC remain at its 5 volt level to insure that the elec- 
tronic components function reliably and that an enable on the 
BAMs (to be discussed below) remain above 2.2 volts. This 
5 means that VLOGIC cannot be allowed to fall below 8 volts in 
less than 20 milliseconds. This reserve capacity is provided 
by capacitor 201 (Fig. 5) which insures that enough power 
will be available to maintain reliable operation during 
interval 372. 

10 Fig. 8 also includes a circuit schematic of system 

reset circuitry 110, which has the function of generating 
MPCLR and SYSCLR signals according to the above sequence in 
response to transitions 355 and 358 of the PWRLSS signal. 
System reset circuitry 110 actually provides complementary 

15 SYSCLR and MPCLR signals, designated SYSCLR and MPCLR, 
on respective lines 390 and 392. 

Circuitry 110 includes a comparator 400 having a 
first (positive) input 401 maintained at a fixed fraction of 
VCC by a voltage divider chain comprising 5.9K resistor 402 

20 and a 10K resistor 404. A second (negative) input 406 is 

coupled to a capacitor 407 to ground and to a resistor 408 to 
VCC. The PWRLSS signal on line 330 communicates to compara- 
tor input 406 through a diode 409. An output 410 of com- 
parator 400 communicates a circuit point 415. 

25 Circuit point 415 is coupled through a resistor 417 

to a circuit point 422 which communicates to different por- 
tions of the circuitry. First, circuit point 422 is coupled 
through a diode 425 to the base of a Darlington transistor 
428, the emitter of which drives line 390 (SYSCLR ). The 

30 base of transistor 428 is coupled to a capacitor 430 to 

ground, and to VCC through a resistor 432, and further to the 
collector of a transistor 435. Second, circuit point 422 is 
coupled through a diode 440 to an intermediate circuit point 
442 of a chain defined by a 75K resistor 445 to VCC, and a 

35 4.7 microfarad capacitor 450 to ground. Capacitor 450 is 
coupled to the base of a Darlington transistor 455. The 
collector of transistor 455 is coupled through a diode 457 to 
a circuit point 458. Circuit point 458 is coupled through a 



0019515 



30 

resistor 460 to the base of transistor 435 , and through a 
resistor 465 to the base of a transistor 470, the collector 
of which is coupled to line 392 (MPCLR) - \ 

Consider first a condition wherein a high level has 
persisted for a substantial length of time on line 330. 
Capacitor 407 is fully charged to VCC, and output 410 of 
comparator 400 is low. Accordingly, circuit point 415 is 
low, so that circuit point 422 is low. This causes the base 
of transistor 428 to be low, thereby causing transistor 428 
to be In a nonconducting state so that the level on line 390 
is low. That is, SYSCLR is high. The low level on emitter 
422 maintains circuit point 442 at a low level, thereby 
keeping transistor 455 in a nonconducting state. According- 
ly, circuit point 458 is high so that transistor 435 assumes 
a conducting state. The collector of transistor 435 is thus 
at a low level, thereby reinforcing the low level imposed 
through diode 425 across capacitor 430. Also, the high level 
at circuit point 458 turns transistor 470 on, and causes a 
low level to appear on line 392 (MPCLR is true). 

When PWRLSS goes low (transition 355), the follow- 
ing events occur in order to cause MPCLR and SYSCLR to go low 
in the required sequence producing intervals 360 and 370. 
When the level on line 330 goes low, diode 409 conducts, 
thereby discharging capacitor 407 and causing the input 406 
of con5>arator 400 to go low. Output 410 goes high, causing 
circuit point 415 to go high. A high level thus .appears at 
circuit point 422. This blocks diode 440, thereby causing 
capacitor 450 to become charged through resistor 445. 
Resistor 445 is relatively large (75K) thereby resulting in a 
substantial delay before the voltage across capacitor 450 is 
enough to switch transistor 455 to its conducting state. 
This delay substantially defines interval 360, since once 
transistor 455 is conducting, circuit point 458 goes low, 
thereby turning off transistor 470 and causing a high level 
to appear on line 392. That is, MPCLR goes low. Once the 
delayed low level has appeared at circuit point 458, tran- 
sistor 435 is turned off, thereby allowing capacitor 430 to 
become charged through resistor 432. This causes transistor 
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428 to become conducting. 'after a time interval defined by 
capacitor 430 and resistor 432 , at which point, the level on 
line 390 goes high. That is, SYSCLR goes low. 

When PWRLSS has been low for some time so that the 
5 various components of power surveillance circuitry 110 are in 
the states described above, and then PWRLSS goes high (tran- 
sition 358), the following sequence of events occurs. The 
high level on line 330 blocks diode 407, causing capacitor 
408 to become charged through resistor 409. After a -delay in 

10 excess of 20 milliseconds, the voltage on. capacitor 408_ 
exceeds the fractional level defined by. resistors 402' and - 
404, and output 410 of conqaarator 400 goes low. This delay 
establishes interval 372. A low at output 410 causes a low 
at circuit points 415 and 422. This causes the base of tran- 

15 sistor 428 to go low, thereby turning off transistor 428 .t 
causing a low to appear on line 390. That is* SYSCLR goes : 
high. - * 

When circuit point 422 goes low, diode 440 ^which . 
was formerly blocked becomes conductive, causing capacitor •-- 

20 450 to discharge through resistor 447. After a delay deter- ^ 
mined by the time constant of capacitor 450 and resistor 417, 
transistor 455 is turned off thereby causing, its collector to 
go high and conduction to occur through diode 457 * .This 
causes transistor 435 to conduct, thereby reinforcing the low 

25 at the base of transistor 428. In addition, the high level 
at circuit point 458 causes transistor 470 to .conduct/ there- 
by causing a low level to appear on line 3921 * That is, HPCLR 
goes high. . . 

Fig. 9 is a circuit schematic of circuitry for 

30 generating signals to inhibit meter functioning upon detec- . 
tion of a fault condition. Two redundant circuits are 
employed, and with an exception to be discussed . below, these 
two circuits are equivalent. Thus only one will be- discussed 
herein. ; 

35 One-shot 113 lias an input 500 which is responsive, 

to a falling edge. A resistor 506 .and a capacitor 504 are 
coupled, to one-shot 113 to establish basic timing. One-shot 
113 has a reset input 507 to which, the HPCLR signal on line- 
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392 is coupled by a line 508. One-shot 113 has a comple- 
mentary output 509 which is coupled to a first input of a 
NAND gate 510. NAND gate 510 has a second input to which is 
coupled the SYSCLR signal on line 390 by a line 511. NAND 
gate 510 has an output 512 which is coupled to flip-flop 111. 
Flip-flop 111 has an output 515 which is coupled through a 
diode 517 to the base of a Darlington transistor 520, the 
collector of which is coupled to line 390 of system reset 
circuitry 110 by line 511. under normal conditions, micro- 
computer 90 periodically causes the generation of a signal, 
designated MPTS1, to fire one-shots 113 and 114. As will . 
be discussed below, the signal from microcomputer 90 causes a 
low level to appear at input 500. A low level is generated 
on complementary output 509 in response to a negative going 
level at input 500, and remains low for a duration defined by 
capacitor 504 and resistor 506. In the preferred embodiment 
this duration is 20 milliseconds. * Since one-shot 113 is a 
retriggerable one-shot, a subsequent signal at input 500 
extends the period that output 509 remains low. Thus, 
repeated signals at less than 20 millisecond intervals main- 
tain output 509 low. So long as the level on output line 509 
is low, the level on line 512 is high. Fault flip-flop 111 
maintains a low level on output line 515 so long as the level 
on li ne 512 is high. If, for some reason, the level on line 
512 goes low, a high level appears on flip-flop output 515, 
and remains, even if the level on. line 512 goes high again. 
A high on line 515 blocks diode 517 and causes' a high level 
to appear at the base of transistor 520. This causes a low 
level to appear on line 511, which low level causes the level 
on line 390 (SYSCLR) to remain low regardless of the level 
of PWRLSS. Accordingly, once fault flip-flop 111 has been 
set to have a high level at its output 515, a low level is 
maintained on line 390. That is, once fault flip-flop 111 is 
set, SYSCLR remains high regardless of power up and power 
down cycling* By coupling MPCLR to one-shot reset input 
507, the level on one-shot output 509 is caused to re ma i n 
high after MPCLR is false until signals from microcomputer 90 
appear at input 500. Also, by coupling SYSCLR to HAND 
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gate 510 r a high level is maintained on line 512 when SYSCLR 
is true. Thus, fault flip-flop 111 is prevented from being 
set to its "faulted state" during the times that SYSCLR is 
true during normal power cycling, 
5 Fault flip-flop 112 and retriggerable one-shot 114 

are coupled in a similar way with the exception that one-shot 
114 uses the non-complementary output on a line 540. The 
output on line 540 is coupled to both inputs of a NAND gate 
542 which is physically removed from the integrated circuit 

10 chip including one-shots 113 and 114. Accordingly, if the 
chip on which one-shots 113 and 114 are located failed in a 
way that would cause all outputs to assume a high or low 
level, one of the fault flip-flops would be set. Only a dual 
failure which would cause the output on line 509 to remain 

15 low and the output on line 540 to remain high would go un- 
detected. This is in keeping with the general meter design 
which can tolerate one failure and maintain integrity, but 
cannot accommodate certain combinations of compensating 
failures . 

20 The level on line 390 is communicated to a circuit 

point 549 through cascaded Darlington buffers 545 and 547. 
Circuit point 549 is coupled to the cathode of fault indi- 
cator light 20, preferably a light emitting diode, the anode 
of which is coupled to VCC. Thus when circuit point 549 goes 

25 low light 20 is illuminated. Thus, light 20 is briefly 

illuminated during power up and power down cycling for those 
periods that circuit point 549 is low, providing the operator 
with an indication that the light works. Once SYSCLR has 
gone high, light 20 is illuminated. This occurs when a fault 

30 condition has occurred, regardless of power cycling. 

Figs. 11a, lib, and 11c, taken together, are a 
circuit schematic of microcomputer 90, BAMs 100 and 102, and 
circuitry for generating and responding to control signals 
related to accessing the BAHs. 

35 Of the various control signals discussed above, 

microcomputer 90 reacts directly to PWRLSS and MPCLR. A 
high level on line 330, signifying a low power condition is 
inverted by a NOR gate 560 and communicated to an interrupt 
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input 562 of microcomputer 90. A low level appearing at 
interrupt input 560 causes a power loss interr upt a s dis- 
cussed in connection with Fig. 8. The signal MPCLR on line 
392 is communicated to a reset input on microcomputer 90. A 
low level on line 392 (MPCLR true) causes microcomputer 90 to 
pe disabled and to cease execution. 

Microcomputer 90 also generates control signals for 
selecting which of BAMs 100 and 102 is to be accessed, and 
which of I/O expanders 92 and 93 is .to be accessed. These 
two selection procedures make use of the same data lines 132 
and 133 (lines P24 and P25 of bus 130). The significance of 
the signals on lines 132 and 133 depends on whether micro- 
computer 90 is executing a background routine (BAM select) or 
the foreground routine (I/O expander select). 

Microcomputer 90 selects one of I/O expanders 92 
and 93 by causing the generation of signals designated PROGl 
and PROG2 on respective lines 565 and 567. The level on 
output lines 132 and 133 is communicated to respective OR 
gates 570 and 571, the other input of each of which is con- 
nected to an output line 572 of microcomputer 90. The level 
on line 572 is normally high, but goes low at the same time 
that a control code for an I/O expander appears on line 134. 
The level on line 572 then goes high and at the same time 
data to be transferred appears on line 134. Thus the signal 
on line" 572 appears on line 565 or 567, depending on whether 

line 132 or 133 is low. 

Reading and writing to BAMs 100 and* 102 are con- 
trolled by providing appropriate levels at four control 
inputs of each BAM. Each BAM includes two chip enable inputs 
573 and 574, designated 5H and CE2, respectively. The 
level at chip enable input 573 must be low to enable access 
to the BAM contents, while the level at chip enable input 574 
must be high. A low level at chip enable input 574 causes 
the BAM to assume a so called -low power mode" in which it 
draws only the small amount of power required to maintain its 
contents. In the low power mode, access to the BAMs in 
inhibited. Bach BAM includes an output disable input 575, 
designated OD, which must be at a low level in order to read 
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the BAM. Each BAM includes a write enable input 576, desig- 
nated R/W, the level at which must be low for writing to 
occur, and high to disable writing during a read operation. 

Microcomputer 90 selects which of BAMs 100 and 102 
5 is to be read by causing a low level to appear on either of 
lines 132 and 133, which low level is communicated to respec- 
tive chip enable inputs 573. Microcomputer 90 controls 
reading and writing to the BAMs according to the output level 
on a line 579 (line P27 of data bus 130). Line 579 communi- 

10 cates to a first input of a HAND gate 580, and the signal 
SYSCLR on the line 390 is communicated to a second input 
of NAND gate 580, so that the output of NAND gate 580 is low 
only when SYSCLR is high and the output on line 579 is 
high. The signal at the output of NAND gate 580 is communi- 

15 cated on a control line 585 to control inputs 575 on BAMs 100 
and 102 to control writing to both BAMs. 

The levels VLOGIC, VEXT1, and VEXT2 control reading 
and writing to the BAMs independent to microcomputer 90. 
VLOGIC communicates to respective chip enable inputs 574 on 

20 BAMs 100 and 102 through a common back biased 5.1 volt zener 
diode 590 and respective diodes 592 and 595. VEXT1 and VEXT2 
also communicate to the respective inputs 574 through respec- 
tive diodes 597 and 600. Thus when VLOGIC rises above about 
5.7 volts, zener diode 590 breaks down and diodes 592 and 595 

25 conduct. Thus the level at inputs 574 begins to rise and 
when it reaches about 1.5 volts, puts BAMs 100 and 102 into 
their so-called "high power mode" in which reading and writ- 
ing may occur so long as other control signals are present. 
In the absence of VLOGIC, powering VEXT1 or VEXT2 allows the 

30 BAMs to be accessed. In the absence of sufficiently high 
levels of VLOGIC, VEXT1, and VEXT2, chip enable inputs are 
held low by pull-down resistors to ground. 

Writing to the BAMs can occur independent of micro- 
computer control 90 for the purpose of allowing a postal 

35 service employee to zero certain locations when the meter has 
faulted. To permit this to occur, the signal POMODE on 
line 295 and a signal TWRITE on a line 609 are communi- 
cated to first and second inputs of a NOR gate 610. The 
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output of NOR gate 610 is communicated to the baBe of a 
transistor 615, the collector of which is coupled to BAM 
control line 585. Therefore, a low level on lines 295 and 
609 causes a high level at the output of NOR gate 610, there- 
by turning transistor 615 on and causing a low level to 
appear on line 585, thereby allowing access to the BAMs. 

In addition to controlling reading and writing to 
the BAMs, the SYSCLR signal on line 390 cooperates with 
signals from microcomputer 90 in order to generate a signal 
designated SON on a line 620 for controlling print head 
solenoid 85* Signals on an output line 622 (line P26 of bus 
130) are communicated to a first input of a NOR gate 625. 
The signal on line 390 (SYSCLR) is first inverted by a NOR 
gate 628, to produce a SYSCLR signal and communicated to a 
second input of NOR gate 625, the output of which is coupled 
to line 620. Therefore, a high level on line 390 and a low 
level on output line 622 are required for SON to be high. 
Otherwise, SON is low* As will be discussed below, SON must 
be high to allow the print head to rotate. The SYSCLR signal 
from NOR gate 628 is communicated to motor interface cir- 
cuitry on a line 629. 

Fig 12a is a circuit schematic of circuitry for 
interfacing microcomputer 90 to the switches, displays, BAMs, 
and motor position sensors. Data flow is established through 
I/O expander 92. I/O expander 92 receives signals on four 
bit data line 134 (lines P20 -P23 of data bus 130), in order 
to determine which of four data ports 650, 652, 654, and 656 
is to be accessed, whether a read or a write operation is to 
be carried out, and whether the data is to be logically 
manipulated. Once this selection has occurred, data is 
communicated to or from microcomputer 90 on the same line 
134. In the preferred embodiment, I/O expander 92 is used 
for generating address codes at its I/O ports in order to 
control demultiplexers 94 and 95 and multiplexers 96 and 97. 
Data port 650 is coupled to an address input 660 of multi- 
plexer 96. Multiplexer 96 has 16 data inputs, not all of 
which are used. The following signals, the generation and 
significance of which were discussed in connection with Figs. 
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6 and 7 are communicated to respective inputs of multiplexer 

96: POMODE on line 295; LEFT HOME on line 302; MB on 

line 280; TAPE on line 282; ENVELOPE on line 285; 

REPEAT on line 287; CLUTCH on line 290, and EXTINT 

on line 292. Selector switch 27 is coupled to two inputs on 

multiplexer 96 in order to communicate a low level to that 

input corresponding to the position of switch 27. 

In addition to the above signals, signals desig- 
nated KIN and RIN on respective lines 670 and 675 are 
communicated to respective data inputs of multiplexer 96. 
KIN and RIN are time multiplexed signals reflecting the 
state of selector switch 25 and keyboard 12. These will be 
discussed below. 

Data port 652 is coupled via four-bit line 135 to 
an address input of multiplexer 97 and on a parallel line to 
BAMs 100 and 102. Data ports 654 and 656 communicate with 
demultiplexers 94 and 95 on respective data lines 680 and 685 
for refreshing display? 15 and 17, and reading selector 25 
and keyboard 12, as will be discussed presently. These 
operations cause the generation of KIN and RIN on lines 670 
and 675. 

Fig. 12a is a circuit schematic illustrating 
circuitry for periodically energizing the digits of displays 
15 and 17, and reading keyboard switches 38, 40, and 42, and 
selector switch 25. Each digit of nine-digit display 17 
comprises eight light emitting diode segments including seven 
bars for representing numeric symbols, and a decimal point. 
Display 17 includes a digit select input 695 for each digit 
(nine in all), and eight segment select inputs 698. Display 
17 is a common cathode device, which means that a given digit 
select ixqput 695 is coupled to the cathodes of all eight 
segments for that digit, while a given segment select input 
is coupled to the anodes of a particular segment for all nine 
digits. Thus, a low level at a particular digit select input 
695 causes that digit to be illuminated according to which of 
segment select inputs 698 is at a high level. 

Demultiplexer 94 includes ten data outputs 700, and 
a four-bit select input 702, such that a low level appears at 
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the output 700 corresponding to the binary code defined by 
the levels at select input 702. Nine of outputs 700 are 
connected in a one-to-one fashion to digit select inputs 695 
on nine-digit display 17- Each of the ten demultiplexer 
outputs 700 is coupled to one pole of a numeric keyboard 
switch 38, the other pole of which is coupled to line 675 
RIN. Buffered data on line 129 is communicated through 
current limiting resistors 705 to a corresponding eight-bit 
line 707. Each individual conductor is coupled to one of 
segment select inputs 698 with one of the conductors, desig- 
nated 708, coupled to the segment selector controlling the 
decimal points. Thus, according to the binary code on four 
bit line 680, one of multiplexer outputs 700 is set to a low 
level, which causes a low level to appear on line 675 if the 
corresponding keyboard key 38 was closed. Additionally, in 
the case of those nine of outputs 700 which are coupled to 
display digit select inputs 695, a low level causes that 
display digit to be illuminated according to the levels on 
line 129. Thus, each time one of the digits is energized, a 
corresponding signal indicates the status of a particular 
keyboard key. After the nine digits have been energized, the 
tenth demultiplexer output is selected, providing a level on 
line 695 that indicates the status of the tenth numeric 
keyboard key 38. 

Four-digit display 15 conprises f irfct and second 
two-digit displays 720 and 722, each digit of each display 
having eight light emitting diode segments including seven 
bars and a decimal point. Each digit includes a digit select 
input 730 and eight segment select inputs. For the particu- 
lar display components in the preferred embodiment, each 
digit is independent, thereby requiring individual segment 
selection. Data on eight-bit line 707 is communicated to the 
segment selector inputs. Digit displays 720 and 722 are 
common anode devices, so that when the level at one of digit 
selector inputs 730 is high, that particular digit is illumi- 
nated according to which of the individual lines of line 707 
is at a low level. Conductor 708 of eight-bit line 707 is 
coupled to the decimal point segment selectors for display 
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720, but two-digit display 722, corresponding to the least 
significant digits, has no connection to line 708* Rather 
line 708 is coupled to the cathode of indicator light 22, 
preferably a light emitting diode, the anode of which is 
coupled to that digit selector input 730 corresponding to the 
least significant digit of display 15* 

Demultiplexer 95 has a four-bit select input 750, 
and ten data outputs, nine of which, designated 751 - 759, 
are connected as follows. Data outputs 751 and 752 are 
coupled to respective first poles of keyboard switches 40, 
and 42, respective second poles of which are coupled to line 
675. Output 758 is coupled to a line 765 to provide a sig- 
nal, designated EIO for controlling I/O peripheral devices 
131. Output 759 is coupled to a line 767 to generate the 
signal MPT SI which is communicated to input 500 of fault 
one-shots 113 and 114. 

Each of data outputs 753 - 757 is coupled to a 
contact of five position display selector switch 25, the 
common wiper of which is coupled to line 670. Of the five 
data outputs 753 - 757, four of them, 753 - 756, are coupled 
in a one-to-one fashion to digit select inputs 730. However, 
the coupling is not direct as in the case of the circuitry 
for energizing display 17, since display 15 is a common anode 
device. Each digit selector input 730 is coupled to the 
collector of a PNP transistor 765, the emitter of which is 
held at VDISP. Each of data outputs 753 - 756 is resistively 
coupled to the base of a corresponding one of transistors 
765. 

Accordingly, depending on the binary code defined 
by the levels on four bit line 685, a particular one of data 
outputs 751-759 is provided with a low level. When output 
751 or output 752 goes low, a low level is applied to line 
675 if special keyboard key 40 or 42, respectively, is 
depressed. If either of outputs 758 or 759 is selected, a 
signal having a falling edge followed by a low level is 
generated on line 765 or 767, respectively, communicating to 
other portions of the circuitry as described above. A low 
level on any of outputs 753 - 756 causes the corresponding 
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transistor 765 to become conducting, thereby providing a high 
level at the particular digit select input 730. Depending on 
which of the individual lines of line 707 is at a low level, 
the particular segments of the selected display digit will 
5 light. Noting that neither of the least significant digits 
ever requires a decimal point following, indicator light 22 
is connected in a manner that substitutes for the decimal 
point of the least significant digit whose decimal point 
cathode is not connected to anything. Thus, when the least 
10 significant digit is selected and the level on line 70a is 
low, "Add $" indicator light 22 is energized. Also, data 
outputs 753 - 756, in cooperation with data output 757, 
provide the signal KIN for communicating the status of 
switch 25 to microcomputer 90. 
15 pig. 13 is a circuit schematic illustrating the 

circuitry for interfacing microcomputer 90 to stepping motors 
45 - 48 and position sensors 75 - 78. While Fig. 13 illus- 
trates the complete interface circuitry, only one stepping 
motor 47 and corresponding position sensor 77 is shown for 
20 clarity. Broadly, the interface circuitry includes I/O 

expander 93, multiplexer 97, and a plurality of Darlington 
buffers 780 coupled to VMOTOR to provide buffered outputs 
that are either low or at a level VMOTOR. I/O expander 93 
includes four data ports 785, 786, 787, and 788, signals at 
25 which are communicated through Darlington buffers 780 to 

respective motors 45, 46, 47 and 48, with port 787 communi- 
cating with motor 47. I/O expander 93 has an enable input 
790 to which SYSCLR is communicated via line 629, and a 
program input 792 to which PROG1 is communicated on line 133. 
30 Control signals and data are communicated in a time multi- 
plexed fashion on four-bit data line 134. 

Motor 47 may assume one of ten positions over its 
angular range that correspond to proper print wheel settings, 
and eleven positions halfway between. Thus the possible 
35 positions can be broken into four groups including a group of 
so-called "odd" positions, a group of so-called "even" posi- 
tions, and two groups of so-called "half" positions, each 
position of which is halfway between an even and an odd 
position. 
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Motor 47 includes four windings, corresponding to 
the four groups of positions. In general, the motor can only 
be stepped to an adjacent position by energizing the winding 
corresponding to the group of which the adjacent position is 
5 a member. One side of each winding is coupled to VMOTOR in 
the meter base through a current limiting resistor 789 
located in the base. The other side of each winding is 
coupled to one of the buffered outputs corresponding to the 
data lines from port 787. A low level on a line at data port 

10 787 turns off the buffered output, thereby resulting in no 
voltage across the particular winding. Only when a high 
level appears on an output line at port 787 is a low level 
communicated to the motor winding, thereby energizing it. 

Since energization of a motor winding generally 

15 only causes the motor to step to an adjacent position, and 
since only four types of positions are recognized, absolute 
position determination may only be established by first 
driving motor 47 to one of its end points, and thereafter 
keeping track of all step commands. This is done during 

20 execution of the initialization routine. 

Position sensor 77 comprises four sets of contacts 
791, 792, 793, and 794, each set including ten sequentially 
spaced contacts, and four grounded wipers 801, 802, 803, and 
804, each associated with a respective contact set. Wipers 

25 801 ~ 804 are mechanically coupled to the mechanical output 
of motor 47, so that at a given integral position of motor 
47, each of wipers 801 - 804 makes electrical connection with 
one of the contacts in its respective contact set 791 - 794. 
A binary code representative of the position of wipers 801 - 

30 804 is generated on four corresponding output lines 811, 812, 
813 and 814, one end of each output line being coupled only 
to particular individual contacts within its respective 
contact set. For example, the "1" bit is generated on line 
811 by coupling line 811 to every other contact in set 791; 

35 the "2" bit by coupling line 812 to every other group of two 
contacts in contact set 792. The other end of each contact 
line is coupled to a data input of multiplexer 97. Four-bit 
data line 135 from port 652 of I/O expander 92 is coupled to 



0019515 



42 

an address input 820 of multiplexer 97. According to the 
binary code represented by the levels am line 135, one of the 
four bits of information for one of the four position sensors 
appears at the output of multiplexer 97, and is communicated 
on line 99 to microcomputer 90. 

Print head solenoid 85 prevents movement of the 
print head away from its home position moless the solenoid is 
energized. Control is established by tie signal SON on line 
620.. Solenoid 85 includes input terminals 824 and 825. 
Input t#»T-nnT»aT 824 is coupled to VMOTOR in the base through 
current limiting resistors 827 and 828 located in the base. 
A capacitor 829 is connected across resistor 828 to provide 
greater initial current. The signal SOI is communicated to 
the base of a Darlington transistor 832. the emitter of which 
is grounded and the collector of which is coupled to solenoid 
input terminal 825. Thus, a high level on line 620 causes a 
low level to appear at input terminal 825 of solenoid 85, 
thereby energizing the solenoid to permit movement of the 
print head. A diode 835 is connected across solenoid 85 to 
protect Darlington transistor 832 from evervoltage when SON 
goes low. 

In view of the above description covering the 
general operation and detailed construction of meter 5, a 
description of the detailed operation off microcomputer 90 may 
be understood. The following discussion and the accompanying 
figures provide additional detail with respect to the discus- 
sion with reference to Fig. 4 outlining the general operation 
of microcomputer 90. 

The operating program for microcomputer 90 is 
stored in 2,048 bytes of ROM while working memory i6 provided 
by 64 bytes of random access memory (hereinafter RAM). Fig. 
14 illustrates in tabular form a suitable RAM allocation for 
storing information reguired by the operating program of 
microcomputer 90. For ease and consistency of nomenclature, 
the individual memory locations will be referenced in first 
instance with respect to their hexadecimal address within the 
64 bytes of RAM, and subsequently by reference to appropriate 
mnemonics. _ BAD ORIGINAL J> 
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Location 0-7 Hex, designated R0-R7 and locations 
18-1F Hex, designated R0 , -R7 I are two sets of directly 
addressable working registers. 

Registers R0-R7 are allocated to the background 
tasks, to be described more fully below. Register R2 is 
dedicated to the background status and is hereinafter desig- 
nated BAKSTA. The individual bits are shown schematically in 
Fig. 16, and include the power loss bit and the various 
WAKEUP bits set by the foreground to signify to the back- 
ground dispatcher loop that a particular task is to be car- 
ried out. The particular significance of the various WAKEUP 
bits will be discussed with reference to the foreground 
routine and the appropriate background tasks described below. 
The individual bits in BAKSTA are sequentially checked by the 
background dispatcher loop as described above with reference 
to Fig. 4. 

Locations 34 Hex and 35 Hex, designated KEYSTA and 
PRSTA respectively, are used to designate status for the 
keyboard and printer tasks. Locations 38-3B Hex, designated 
STEPIN(0)-STEPIN(3) and locations 3C-3F Hex, designated 
STEPTK ( 0 ) -STEFl'K ( 3 ) provide an additional data base for the 
print routine. Location 36 Hex, designated PRCTR, is used to 
store a counter which, when set to a non-zero value, is 
decremente_d at each entry into the foreground routine in 
order to keep track of the time that has elapsed since vari- 
ous print sub tasks were initiated. Locations 8-^13 Hex pro- 
vide 12 bytes for a six level stack to allow for six levels 
of sub-routine calls. 

As discussed above, the foreground routine is 
executed in response to periodic timer interrupts, that occur 
at 400 microsecond intervals. The main functions of the 
foreground routine are energizing the digits of four-digit 
display 15 and nine-digit display 17, ascertaining the status 
of various switches and signals (collectively referred to as 
switches), debouncing portions of the switch information, and 
triggering one-shots 113 and 114. These functions are car- 
ried out by selecting I/O expander 92 and setting up appro- 
priate binary codes on four-bit line 134 to communicate with 
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the appropriate switch or display digit via demultiplexer 94, 
demultiplexer 95, or multiplexer 96. 

Registers RO'-RV are the working registers used by 
the foreground that enable the foreground routine to carry 
out its functions according to the desired sequence. For 
example, four-digit display 15 is sequentially energized :four 
times for every time that nine-digit display 17 is energized 
in order to provide adequate digit intensity. Register R3« 
is a counter for keeping track of this sequencing. Register 
R2' is a pointer that indicates which display digit is cur- 
rently being done, while Rl* is a basic pointer. 

Locations 20-28 Hex and 30-33 Hex are used to store 
the display segment codes for the current values of the 
digits to be displayed on nine-digit display 15 and four- 
digit display 17, respectively. The foreground routine 
sequentially places these segment codes on bus 125 (PI) as 
the digits are sequentially selected through demultiplexers 
94 and 95. 

Switch information i6 stored in four switch 
registers. Location IF Hex, designated R7FORG, is dedicated 
to certain of the base syncronization signals and other 
signals received through multiplexer 96, the status of which 
is desired without debouncing. Location 2A Hex, designated 
REG07, location 2C Hex, designated REG89, and location 2E 
Hex, designated REGSW, reflect the current debounced state of 
all the switches that can be set by the operator. The 
respective bit allocations for switch registers R7FQRG, 
REG07, REG89, and REGSW are shown in Fig. 15. Locations 2B 
Hex, 2D Hex, and 2F Hex are so-called LAST TIME CHANGE 
registers corresponding to switch registers REG07, REG89, and 
REGSW, respectively and carry information indicating which 
switches corresponding to the bits of the corresponding 
switch register had changed status on the previous reading by 
the foreground. 

As discussed above, switches are debounced in order 
to eliminate the effects of switch noise, and the status of a 
switch to be debounced is considered to have changed only if 
such change has persisted for two successive readings. 
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Debouncing of the switches is done in two steps* Preliminary 
debouncing is done on a switch-by-switch basis as each switch 
i6 read while final debouncing occurs when all the switches 
in a given switch register have been read and preliminarily 
5 debounced. As discussed above, nine of the ten keyboard 
switches 38 and four of the five positions of register dis- 
play selector switch 25 are each read at the same time that a 
particular display digit is energized. Thus, each one of 
these switches is read on a separate pass through the fore- 
10 ground routine in conjunction with the energization of a 

particular display digit. Other switches are read serially 
in groups during particular single passes through the fore- 
ground routine. 

Preliminary debouncing occurs as each switch is 
15 read. During preliminary debouncing, the switch register for 
the group of switches being debounced is copied to working 
register R4*, and the corresponding LAST TIME CHANGE register 
is copied to working register RS 1 . R0» points to the current 
one of the switch registers that is being debounced. Prelim- 
20 inary debouncing on the group of eight switches in the par- 
ticular register stored in R4 1 occurs over a number of fore- 
ground entries. As each switch is read on line 98 from 
multiplexer 96, the switch state is compared with the cor- 
responding bit in the debounced switch register currently 
25 copied into register R4 f . A corresponding bit is set in 
register R6 1 if the switch state, read represents a change 
from the debounced value in register R4 1 . When all eight 
switches in the register being debounced have undergone this 
preliminary debouncing, R6» contains a record of those 
30 switches whose state at the most recent reading has changed 
with respect to the debounced values. This is stored as the 
LAST TIME CHANGE register for the next pass of the 
foreground. Pinal debouncing occurs by comparing registers 
R5 f and R6». If, for a particular switch, a change has 
35 persisted for two successive readings (corresponding bits in 
registers R5 1 and R6» being set) the corresponding bit in the 
debounced switch register is set to reflect the newly 
debounced state. 
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Fig. 17 is a flow chart of the foreground routine 
illustrating logical branches for executing a preferred 
sequence for servicing displays 15 and 17, ascertaining the 
status of the various switches, and performing debouncing. 
5 Upon the occurrence of a timer interrupt, microcomputer 90 
enters the foreground routine and performs entry tasks gener- 
ally designated as block 850. These include saving the 
background accumulator, restarting the 400 microsecond timer, 
and checking the value of PRCTR (the printer counter). If 
10 PRCTR is non-zero, PRCTR is decremented by 1 and the TIMER 
WAKEUP bit is set if PRCTR has reached zero. The state of 
bus 130 is saved in register Rl 1 , and lines 132 and 133 are 
set up to select I/O expander 92 for the purpose of reading 
switches. 

15 The routine then checks whether the foreground is 

enabled (logical branch 852). If the foreground is disabled, 
the routine triggers the one-shots by setting the appropriate 
binary code on demultiplexer 95 in order to select output 
line 767 (block 855 ) . The routine then restores the back- 

20 ground bus 130 and accumulator and returns (block 857). 

If the foreground is enabled, the particular 
display digit is energized according to a preferred sequence. 
According to the preferred sequence, the digits of nine-digit 
display 17 are sequentially energized on successive entries 

25 to the foreground routine, and then the digits of four-digit 
display 15 are sequentially energized. The energization of 
display 15 occurs four times for every time display 17 is 
energized. In order to maintain this sequence, the fore- 
ground routine maintains bookkeeping information in f ore- 

30 ground working registers R0 1 -R3 • . This bookkeeping informa- 
tion includes pointers for addressing the particular switch 
register being debounced, and counters for determining which 
digit in a given display is to be energized and which of the 
four passes through the four digits display is being carried 

35 out. 

If at logical branch 852 the foreground is found to 
be enabled, the routine checks which display is being ser- 
viced (logical branch 860). If the nine-digit display is 
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currently being serviced, the routine checks if either the 
first or ninth keyboard key is to be read (branch 862). If 
so r the routine sets up registers R4 1 and R5 f with REG07 or 
REG89, respectively, and the associated LAST TIME CHANGE 
5 register (block 865). Selecting one of the first nine key- 
board keys ("0" through M 8") to be read occurs in connection 
with the energization of one of the nine digits of display 17 
(block 867). Reading of the tenth keyboard key ( M 9") is done 
independently of a digit energization. 

10 During the first eight passes, the numeric keys 

corresponding to "0 11 through u 7" are being sequentially read, 
and working register R6» accumulates information relating to 
changes in these switches for REG07. On the eighth pass 
(corresponding to keyboard key n 7"), final debouncing of 

15 REG07 occurs (block 872 ) . A change in REG07 is flagged by 
setting bit 7 of register R7FORG. The foreground routine 
then prepares for debouncing switch register REG89 on subse- 
quent foreground passes (block 873), and returns to the 
background (block 857). 

20 if at logical branch 870 it is ascertained that the 

eighth keyboard key ("7") is not to be read, a separate test 
is made to determine whether the tenth key ("9") is to be 
read (logical branch 875). If the tenth key is not being 
selected, as would be the case most of the time, i.e. either 

25 during preliminary debouncing of REG07 or of the ninth key 

for REG89, the pointer in working register R21 is incremented 
(block 877), and microcomputer 90 returns to the background. 

If at logical branch 875 it is determined that the 
tenth key is to be read, that key is read, and the additional 

30 switches for REG89 are sequentially read on the same fore- 
ground pass and preliminarily debounced (block 880). REG89 
is then finally debounced (block 882). The foreground 
routine then sets bit 7 of REG89 if the meter is not a frac- 
tional cents meter or if switch 30 is set to the "post 

35 office" mode position or if switch 27 is in the .00 position, 
in order to provide information for the keyboard task (block 
885). If a change has occurred to REG89 or REG07 (as remem- 
bered by R7F0RG(7)), the KEYBOARD WAKEUP is set (block 887). 



& 
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The foreground routine then reads those signals that are to 
be stored in register R7FORG (block 890). If EXTINT is set, 
the I/O WAKEUP is set (block 892). In the event that the 
newly read LEFT HOME or CLUTCH signal is different from the 
corresponding formerly read signal, the HOME/CLUTCH WAKEUP is 
set (block 895). The pointers are then set so that the next 
entry into the foreground routine will cause servicing of 
four-digit display 15 (block 897). 

When it is ascertained at logical branch 860 that 
four-digit display 15 is to be energized, a test is made as 
to whether the first position of display selector switch 25 
is to be read (logical branch 900). If so, the switch 
registers are set up to debounce register REGSW (block 865). 
Selecting one of the first four of the five positions of 
switch 25 to be read occurs in connection with the energiza- 
tion of one of the four digits of display 15 (block 902). 
Reading the fifth switch position is not accompanied by 
selection of any of the four digits on the display. If the 
fifth position is not being read, the routine branches at 
logical branch 905 to block 877 and then returns to the 
background. On the fifth position, the routine tests whether 
the four-digit display has been energized four times (logical 
branch 907). If not, register R2 f is reset so that the next 
pass will read the first position (i.e. select first digit) 
(block 908). The routine then branches to test whether the 
foreground is enabled (branch 852). The foreground will be 
found to be enabled (having previously been found so on the 
same foreground pass), so the first position is read on this 
pass as the routine branches as described above. If it is 
ascertained that the display has been energized the required 
four times, the fifth position is preliminarily debounced and 
the remaining switches whose bits make up REGSW are read and 
preliminarily debounced (block 910), and register REGSW is 
finally debounced (block 912). If BEGSW has changed, the 
TAPE/ENVELOPE WAKEUP is set if the change is to either of the 
bits corresponding to the TAPE or ENVELOPE signals (block 
915). The REGISTER DISPLAY WAKEUP is set if the change is to 
one of the register select switches (block 920). After 
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performing bookkeeping to prepare for servicing nine-digit 
display 17 on the next foreground entry (block 922 ), the 
routine then fires the one-shots (block 855) and returns to 
the background. 

5 Fig. 18 is a memory map shoving a preferred organi- 

zation of BAMs 100 and 102, hereinafter sometimes referred to 
as RAMI and BAM2, respectively. BAM1 and BAM2 are organized 
wherein a given hexadecimal address refers to a given hexa- 
decimal digit (4 bits, hereinafter referred to as a nibble). 

10 The key feature in a postage meter, electronic or 

mechanical, is the maintenance of accounting information to 
insure that all postage printed is paid for. As discussed 
above, microcomputer 90 maintains a descending register 
indicating th£ amount of postage still remaining (generally 

15 designated DR), an ascending register indicating the amount 
of postage printed (generally designated AR), and a control 
total which should remain constant between additions of 
postage at the post office (generally designated TOTAL). In 
keeping with the fault tolerance aspects of the present 

20 invention, these registers, redundant among themselves, are 
stored in redundant BAMs 100 and 102, the dual copies being 
designated DR1, AR1, and TOTAL1 for BAM1 and DR2, AR2, and 
TOTAL2 for BAM2, respectively. 

Additional accounting information for use by the 

25 user is maintained in dual redundant user resectable regis- 
ters designated BATCH COUNT and BATCH TOTAL.- Each time post- 
age is printed, these registers are respectively incremented 
by 1 and by the amount of postage printed. Resetting of 
these registers is effected by pressing "clear batch" key 42 

30 simultaneously with "clear keyboard" key 40. A register 

designated COUNT is incremented by 1 on each print cycle to 
provide maintenance information for repair personnel at the 
factory by indicating the total number of print cycles the 
meter has undergone. The COUNT register is not accessible to 

35 the user. 

DR1, AR1, and TOTAL1 are stored at nibbles 00-09 
Hex, 10-19 Hex, and 20-29 Hex, respectively in BAM1, with 
DR2, AR2, and TOTAL2 being stored in corresponding locations 
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in BAM2. BATCH TOTAL 1 & 2, BATCH COUNT 1 & 2, and COUNT 1 & 
2 are stored at nibbles 30-39 Hex, 40-49 Hex, and 50-59 Hex, 
respectively in BAM1 and BAM2. Register display selector 
switch 25 allows the user to display on nine-digit display 17 
one of the registers DR, AR, TOTAL, BATCH TOTAL, and BATCH 
COUNT. A keyboard register, designated KB, is stored at 
nibbles 60-69 Hex* 

Ten£>orary copies of DR1, AR1, designated TDR1, and 
TAR1, respectively are stored in nibbles 70-79 Hex and 80-89 
Hex, of BAM1. Corresponding copies designated TDR2 and TAR2 
are stored in corresponding locations in BAM2. However, as 
will be described below, only TDR1 and TAR1 are updated 
during keyboard entry- Nibbles 90-99 Hex in each of the BAMs 
are used as a temporary register, designated TEMPI and TEMP2. 

Each of the registers described above contains ten 
nibbles, nine nibbles of which contain the numerical value in 
BCD representation. The tenth nibble of each register is 
called the dirty register nibble, bit 3 (most significant 
bit) of which is set to M l u before a register to register 
move is carried out into that register. The dirty register 
nibble is then zeroed at the end of the move. 

All the registers except COUNT contain the informa- 
tion to three decimal places. Thus incrementing BATCH COUNT 
by 1 is carried out by adding 1000 which is thought of as 
1.000. COUNT is stored as a whole number and therefore is 
incremented by adding 1. Nibbles AO-AC Hex of BAM1 are used 
to store a BCD 1000 which is designated REGTH01 when ad- 
dressed as nibbles A0-A9 Hex and as REGONE1 when addressed as 
nibbles A3-AC Hex. Corresponding locations in BAM2 are 
designated REGONE2 and RE6TH02. 

If microcomputer 90 discovers a condition requiring 
that the meter be set to a faulted condition a fault code is 
first written into nibble 2D Hex of both BAMs so that subse- 
quent examination of the BAM contents can tell the factory 
what happened. The particular hexadecimal codes for various 
fault conditions are as follows: 

F Hex - An error is detected after writing a nibble 
to a BAM and reading and verifying the newly written nibble. 
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7 Hex - An arithmetic error is detected when adding 
a new character to the keyboard register according to the 
checked arithmetic algorithms to be described below. 

6 Hex - A disagreement between the corresponding 
5 permanent registers in BAM1 and BAM2 is detected either 
before retrieving the register value or after updating the 
register value. 

3 Hex - The print head leaves its home position 
before positioning of the print wheels is completed, indicat- 
10 ing a problem with solenoid 85 or home sensor 300. 

2 Hex - The print head does not leave its home 
position within 100 milliseconds of receiving the debounced 
clutch signal, indicating a problem with home sensing switch 
300. 

15 Nibble 2E Hex of both BAMs is initialized at the 

factory and is used to designate the maximum number of digits 
that can be entered into the keyboard register while meter 5 
is in the "post office" mode. Nibble 2F Hex of both BAMs is 
initialized at the factory and describes the type of meter as 

20 follows. A "1" in Bit 1 indicates that the meter is a United 
Parcel Service (UPS) meter which has no lockout when the 
descending register goes negative. A "1" in Bit 2 indicates 
that the meter is a fractional cents meter. A "1" in Bit 3 
indicates that there are four rather than three stepping 

25 motors. Nibble 5A of BAKL is used to store a -keyboard char- 
acter counter in order to tell the keyboard register routine 
when the keyboard register is full. Bit 0 is always ■!.« 

Background operations that have an effect on DR, 
AR, or TOTAL are carried out according to checked arithmetic 

30 algorithms. There are three different arithmetic operations, 
the addition of postage in the "post office" mode, the 
decrementing of DR and corresponding incrementing of AR 
during a normal printing cycle, and a checking routine used 
during initialization, keyboard entry, and clearing the 

35 keyboard. 

The basic premise of all the checked arithmetic 
algorithms is that the descending register DR and the ascend- 
ing register AR must sum to the control total. In keeping 
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with the fault tolerance aspect of the meter, there is one- 
copy of each of these three registers in each BAM. During 
arithmetic operation, these registers are moved to the tem- 
porary registers in the BAMs described above. Prior to such 
a move, a verification is made that the contents of corre- 
sponding BAM registers are equal. 

The contents of the temporary registers at the 
completion of various routines and tasks are shown in tabular 
form in Fig. 19. The particular sequences giving rise to 
these final states are now described. 

A subroutine designated CHKTOT, carries out a 
number of the above verifications in three places - during 
initialization, during a keyboard clear, and while adding to 
the keyboard register in "mail room" mode. Subroutine CHKTOT 
checks both copies of the three permanent registers (DR, AR, 
TOTAL) to make sure that they are equal, moves them to 
temporary locations and checks that their temporary location 
values hold to the equation TAR + TDR = TTOTAL (TEMP2). It 
would require an extremely unlikely occurrence of two errors 
exactly complimenting each other to have a wrong TAR, TDR, or 
TTOTAL. As will be seen below, the other checked arithmetic 
algorithms carry out manipulations on TDR1, TDR2, and/or 
TEMPI and thereafter update the permanent registers in both 
BAMs with these values. In order to facilitate reconstruc- 
tion should microcomputer 90 cease, to function properly 
before all updated registers have been copied into their 
permanent location, the non-updated descending and ascending 
registers are maintained in TDR2 and TAR2 respectively. The 
operation of CHKTOT is as follows: 

1. DR1 and DR2 are compared. 

2. DR1 is moved to TDR1 and TDR2. 

3. TOTAL1 and T0TAL2 are compared. 

4* TOTAL1 is moved to TEMPI and TEMP2. 

5. AR1 and AR2 are compared. 

6. AR1 is moved to TAR1, TAR2, and TEMPI. 

7. TDR1 is added to the copy of AR1 in TEMPI and 
stored in TEMPI. 
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8* * TEMPI and TEMP2, which should both equal TOTAL 
are compared. 

Although the print task and keyboard task routines 
will be described in detail below # the checked arithmetic 
5 aspect of those tasks will be described at this point. As 
each character is entered, a keyboard register designated 
KB, is updated to reflect the entire entry since the last 
keyboard clear. The basic algorithm for keyboard entry is 
that each character entry causes new temporary values of AR 

10 and DR to be calculated, being given by AR + KB and DR - KB, 
respectively, and to be stored in TAR1 and TDR1, respective- 
ly. The updated temporary register values are checked to 
make sure that they sum to TOTAL. The particular sequences 
of steps for updating the temporary registers upon entry of a 

15 keyboard character is as follows. 

1. The keyboard register KB is updated to reflect 
the total keyboard entry. 

2. CHKTOT is called to get new copies of AR1 in 
TAR1 and TAR2 and of DR1 in TDR1 and TDR2. 

20 3. KB is added to the copy of AR1 stored in TAR1, 

and the result is stored in TAR1. 

4. KB is subtracted from the copy of DR1 stored in 
TDR1, and the result is stored in TDR1. 

5. The updated TAR1 is moved to TEMPI. 

25 6. The updated TDR1 is added to 1£MP1 and the 

result stored back in TEMPI. » - 

7. TEMPI and TEMP2 (the latter having a checked 
copy of TOTAL) are compared to make sure that they are equal. 
In a print cycle, updating of the permanent 
30 registers occurs after the print head has left home, or is 
expected to leave home as evidenced by either the LEFT HOME 
signal or the receipt of CLUTCH signal. Updating occurs as 
follows: 

1. TDR1 is copied into DR1 and DR2. 
35 2. TAR1 is copied to AR1 and AR2. 

3. Batch and count arithmetic is done. 

4. After returning to home, CHKTOT is called to 
check that the updated permanent registers are equal and hold 
to the required arithmetic constraint. 
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Additional checked arithmetic procedures are car- 
ried out when the meter is in the "post office" mode. When 
the meter is in the "post office" mode, the temporary 
registers are not updated during keyboard entry as described 
5 above In connection with the normal keyboard entry prior to a 
print cycle. Thus, prior to a change by the postal service 
employee, the state of the temporary registers is like that 
immediately following a call to CHKTOT. That is, the 
temporary registers have the current permanent values of the 

10 ascending and descending registers and the total. 

As discussed above, special keys 40 and 42 allow 
the postal service employee to change the value of DR and 
TOTAL by adding or subtracting a corresponding amount (the 
keyboard register) from both. Thus, depression and release 

15 of clear batch key 42 causes the keyboard entry to be added 
while if clear KB key 40 is depressed while key 42 is also 
depressed, release of key 42 causes the keyboard entry to be 
subtracted. The basic arithmetic constraint is that the 
updated descending register (DR + KB) when added to AR must 

20 equal TOTAL + KB. Upon releasing clear batch key 42, the 
following steps take place. 

1. KB is added/subtracted to/from TDR1 and the 
result stored in TDR1. 

2. A check is made that DR will not be greater 
25 than $99,999.99 or less than zero. 

3. KB is added/subtracted to/from TEMPI (which 
contains TOTAL) • 

4. TEMPI is moved to TEMP2- 

5. TDR1 and TAR1 are added and the result stored 

30 in TEMPI. 

6. TEMPI and TEMP2 are compared. 

7. TDR1 is moved to DR1 and DR2. 

8. TEMPI (new total) is copied to T0TAL1 and 

TOTAL2. 

35 9.* CHKTOT is called to insure that the moves were 

done without error. 

In view of the above description of the foreground 
routine and the checked arithmetic algorithms, the. initial- 
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ization routine can be understood* The initialization 
routine is executed when MPCLR goes low in a power up cycle 
to permit operation of microcomputer 90, and performs those 
functions necessary to bring meter 5 into operating condition 
in a valid, known state . These functions may be summarized 
as follows: 

1. Solenoid 85 is turned off (SON low) to inhibit 
printing unless specifically carried out under control of 
microcomputer 90. 

2. The memory locations in RAM, the memory alloca- 
tion of which is illustrated in Fig, 14, are set to zero. 

3. The foreground registers are initialized with 
the foreground disabled so that the foreground routine will 
start triggering one-shots 113 and 114, 

4. Timer PRCTR is set to provide an interval of 
100 milliseconds, to allow the power to stabilize. Then the 
timer and its interrupt are enabled. After the 100 milli- 
seconds the power loss interrupt in microcomputer 90 is 
enabled. By this time power is stable and SYSCLR is false 
and operation of the meter commences. 

5. A check is made that the fault nibbles in BAMs 
100 and 102 are zero. As discussed above, when meter 5 is 
set to a faulted condition, it should be impossible to bring 
the meter up in a power up cycle. Accordingly, detection of 
a non-zero value here indicates either a lack of ability to 
read a good zero from the fault nibbles, or" a malfunction of 
the system reset circuitry or of the BAMs themselves. If a 
non-zero value is found, the meter is set to a faulted condi- 
tion but no specific error code is written. 

6. The information relating to meter type and 
maximum digit entry is recovered from the BAMs and written to 
registers in RAM for ready availability to the operating 
program. 

7. The keyboard is cleared by executing a clear 
keyboard routine which in turn calls CHKTOT to check that the 
BAM contents are equal and hold to the arithmetic constraint. 

8. REG0NE1 and REGONE2, and REGTHOl and REGTH02 
are checked to make sure that they are respectively equal. 
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9* The foreground is enabled for 100 milliseconds 
to update the switch registers. 

10. The foreground is disabled and a check is made 
to see if the meter is on a base (MB low)* If the meter is 

5 not on a base, the keyboard is cleared and the background 
dispatcher loop is entered where it is expected that the 
register display WAKEUP bit will be set. 

11. Assuming the meter is on a base, the printer 
registers are set up and the stepper motors are stepped to 

10 9999 without verification by sending out more step commands 
than are necessary. This provides for the possibility that 
the stepper motors are stiff or sloppy after a period of 
disuse. Once it is determined that the print wheels are at 
9999, the meter is stepped to 0000 with verifying. The meter 

15 continues to try until reaching 0000, and will loop to the 
beginning of step 11 above if it can't. The background 
dispatcher loop is then entered, with the register display 
and keyboard WAKEUP bits set so that the keyboard register 
and selected register will be displayed. 

20 Figs 20a, 20b and 20c, taken together, form a flow 

chart of the print routine for controlling postage printing 
and monitoring the operation of the print mechanism. 
Security is maintained by requiring the various events in a 
print cycle to occur in a well-defined sequence, and within 

25 predetermined time intervals. The meter is set to a fault 
(or soft fault) state if any of the relevant signals are 
inconsistent with the meter's being in a known and expected 
state. Broadly, the print routine positions stepper motors 
45-48 (and their respective print wheels therewith) on 

30 receipt of a TAPE or ENVELOPE signal. When positioning is 
completed, solenoid 85 is turned on, and the CLUTCH and/or 
LEFT HOME signal is awaited. When the LEFT HOME signal 
indicates that the print head has left the home position or 
the CLUTCH signal indicates that the clutch has been pulled, 

35 AR and DR are updated from temporary locations in the BAMS 

and the batch and count registers are updated. Upon a return 
of the print head to its home position, the solenoid is then 
turned off. If only a single tape is to be printed the 
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keyboard register is cleared. Either way, new temporary 
values (TAR = AR + KB, and TDR = DR - KB) are calculated. 

During execution of the print routine keyboard 
entry and receipt of I/O signals are blocked. If while 
printing in response to an ENVELOPE signal, another ENVELOPE 
signal is received, the print routine does not end upon the 
print head's returning to the home position, but rather 
leaves the solenoid energized and calculates a new value of 
TAR and TDR. The print routine then leaves itself in a state 
where it is waiting for the CLUTCH and/or LEFT HOME signal 
after as if it had just completed positioning. 

Before discussing the operation of the print rou- 
tine in detail, reference should be had to Fig. 16 which 
illustrates schematically a portion of the data base from 
which the routine operates. Each stepper has two registers 
allocated to it, one designated STEPIN(X) and one designated 
STEPTK(X) where X is the number of the stepper* The most 
significant nibble of STEP IN carries the instruction indicat- 
ing which of the four windings is to be energized. The least 
significant nibble of the STEP IN contains a binary decimal 
code for the Final Position the particular stepper motor is 
to assume prior to printing. This is normally determined 
from the appropriate digit of the keyboard register. The 
least significant nibble of STEPTK contains the Next Position 
to which the stepper is to be stepped, while the most signi- 
ficant nibble of STEPTK carries separate bits of information, 
indicating the direction to step, whether the present posi- 
tion (verified by reading the switches) is equal to Next 
Position, and also if equal to Last Position, whether a 
second try is being made to reach the next position, and 
whether the next position expected is a half position. 

A register designated PRTSTA carries separate bits 
or groups of bits indicating which stepper is currently being 
stepped, the current printer task as will be described in 
detail below, whether the initialization routine is being 
executed, and the 6tatus of certain bits from REGSW (TAPE, 
ENVELOPE and REPEAT). Additionally, reference is made to 
those bits in R7F0RG signifying the status of the MB, LEFT 
HOME, and CLUTCH signals. 
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The print routine is responsible for performing 
multiple functions at different times during a print cycle. 
In order to maintain a proper sequence, the routine performs 
tasks in a fixed order. At the completion of a given task, 
5 the routine updates the relevant bits in PRSTA so that subse- 
quent entry into the routine will cause the next task in 
sequence to be carried out. The order of the tasks, and the 
numerical code corresponding to the different tasks are as 
follows: 

10 Task 0 - This is the state at the initiation of a 

print cycle and indicates that no task is pending. During 
task 0, the routine builds up portions of the required data 
base. 

Task 1 - The routine sends out the most recently 
15 executed commands (from the previous print cycle) in order to 
make sure that the positions of the steppers correspond to 
those that are known (i.e. stored in STEP IN). This is done 
to take account of the possibility that one or more of the 
steppers has been jarred away from its last position since 
20 the last positioning operation. 

Task 2 - The routine verifies that the steppers are 
in fact at their last position. Then the keyboard digits are 
copied to STEPIN to signify the final positions to be 
achieved, and the appropriate directions of stepping are 
25 chosen. 

Task 3 - The routine sends out commands at 1.6 
millisecond intervals to cause the steppers to step to their 
final (keyboard) positions. 

Task 4 - This task is carried out once the stepper 

30 positioning has been completed. The routine is waiting for a 
signal indicating that the clutch has been pulled and/or that 
the print head has left its home position. If the CLUTCH 
signal is received first, the routine sets a 100 millisecond 
timer, within whose interval the LEFT HOME signal from the 

35 home sensor must be received. Once the print head has left 
its home position or the clutch is pulled, the BAH registers 
AR and DR are updated to reflect the amount of postage being 
printed on this cycle and the BATCH and COUNT registers are 
updated. 
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Task 5 - This task checks that the CLUTCH signal 
has gone away and that the print head has returned to its 
home position- At this point, the task is set to .0. 

Tasks € and 7 - These tasks are carried out rather 
5 than tasks 4 and 5, respectively, if a new envelope signal, is 
received once positioning has been carried out. Upon reach- 
ing task 7, the task is set to 4 to prepare for another 
printing operation. 

Referring to Fig- 20a, the sequence of the print 

10 routine may be understood. It should be recognized that 
during a print cycle, the print routine may be entered 
multiple times in response to the TAPE/ENVELOPE WAKEUP, the 
HOME/ CLUTCH WAKEUP or the TIMER WAKEUP. The routine immedi- 
ately checks whether the meter is in the "post office" mode 

15 (logical branch 930), in which case the meter soft faults 
(block 932). Finding the meter to be in the "mail room" 
mode, the routine disables the foreground (block 935), checks 
that there are sufficient funds remaining (logical branch 
937), and checks to determine whether all the steppers are at 

20 their final positions (logical branch 940). Assuming the 

positioning has been completed, the routine carries out tasks 
4-7 as will be discussed below. 

Prior to carrying out tasks 0-3 which effect posi- 
tioning of the print wheels, the routine checks to make sure 

25 that the HOME/CLUTCH wakeup bit is not set (logical branch 
942). If the HOME/CLUTCH WAKEUP is found td be set, the 
routine checks the cause (logical branch 945). An indication 
from the LEFT HOME signal that the print head has left its 
home position prior to the completion of positioning evi- 

30 dences a situation in which meter security is compromised 
since solenoid 85 or home sensor 300 may be malfunctioning. 
This is responded to by causing the meter to fault with 
hexadecimal code 3 (block 947). The presence of an 
unexpected clutch signal is generally caused by a base 

35 malfunction or improper paper handling and does not represent 
a threat to security. However operation must be suspended, 
and to this end the meter soft faults (block 950). 
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Assuming the HOME/CLUTCH WAKEDP is not present, a 
three way branch is made according to the current task (block 
952). If the current task is 0, as is true on the first pass 
through the print routine during a particular print cycle, a 
5 "PRINTER ONLY" bit is set to inhibit the keyboard and I/O, 
relevant switch data from REGSW is loaded into PRSTA, and the 
task is set to 1 (block 955). The PRINTER ONLY bit remains 
set for the duration of the print cycle, and causes the main 
program to avoid testing whether I/O or keyboard requests are 

10 pending. From this point, the sequence of instructions 
followed is the same as if the task on entry was 1* 

The basic constraints on the print positioning 
timing are dictated by the need to carry out the overall 
positioning within approximately 0.25 seconds as determined 

15 by the time it takes an envelope moving down the feed path to 
reach a position under the print head. Every command to a 
stepper lasts 6.4 or 12.6 milliseconds (if not able to move 
to the next position within 6.4 milliseconds). In order to 
result in a more even power drain, stepper commands are 

20 staggered at 1.6 millisecond intervals. The TIMER WAKEDP is 
turned off, a 1.6 millisecond timer is restarted and the 
initial command is sent (block 957). The initial command is 
in fact the last command that was sent to the particular 
stepper to make sure that the stepper is where it is thought 

25 to be, any possible difference being due to mechanical vibra- 
tion and the like. 

Tasks 1*3 are shown more specifically in Fig. 20b. 
Still in task l r the routine tests whether all four steppers 
have been serviced (logical branch 960). If not, PRSTA is 

30 adjusted to prepare for the next stepper in sequence (block 
962). The routine then returns to the main program after 
doing an initialization check which does the following: 
checks that in the initialization mode (logical branch 965) 
and that initialization is completed (logical branch 967). 

35 If it is, the steppers are turned off and the TIMER, 

TAPE/ENVELOPE, and HOME/ CLUTCH WAKEUP bits are cleared 
(block 970) before returning to the main program. 
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The routine then loops so that on subsequent passes 
the initial command is sent to the remaining steppers (block 
957), and when it is determined at logical branch 960 that 
all four steppers have been done, the task is set to 2 (block 
5 972). The bits in PRSTA are set for the next stepper in the 
cycle (which at this point is the first one), and after the 
initialization check, the routine returns to the main 
program. 

On the next pass through the print routine, the 
10 task is 2. After branching at block 952, the routine turns 
off the TIMER WAKEUP and restarts the 1.6 millisecond timer. 
The routine tests whether the stepper is at its next position 
(logical branch 975), and if it has not reached its next 
position within the 6.4 milliseconds, a bit is set (block 
15 978), assuming that this was not the second try as determined 
at logical branch 980. If it was a second 'try, then it is 
checked to see if doing initialization (logical branch 981). 
If yes, a jump is made out of the print routine to completely 
restart the initialization of the printer routine from step- 
20 ping to ^999' (block 982). Else, a soft fault is done 
(block 983). 

Assuming the stepper has reached its next position, 
the routine branches according to whether task 2 or 3 is 
being executed (logical branch 984). If all four steppers 
25 have been serviced (logical branch 985), the routine checks 
whether they have all reached their next position (logical 
branch 988 ) . For task 2 the next position is the final 
position. 

If all the steppers have reached their next posi- 
30 tion, the routine branches (according to whether task 2 or 

task 3 is being executed (logical branch 990). On task 2 the 
digits of the keyboard register are copied to the least 
significant nibbles of the respective STEPIN registers (block 
992 ) . The routine then determines the direction of stepping 
35 (block 995). The task is then set to 3 (block" 1000) and the 
routine returns to the main program. 

On a subsequent entry during task 3, the routine 
branches at logical branch 982 in order to check whether the 
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final position has been reached (logical branch 1002). If 
the fined position has not been reached, the TIMER WAKEUP is 
turned off, the 1.6 millisecond timer is restarted, and the 
next command is sent out (block 1005). Once the final posi- 
tion has been reached, the routine tests whether all steppers 
have been serviced (branch 985), and branches as in task 2. 
Following logical branch 990, the timer is turned off, the 
solenoid is turned on and the task is set to 4 (block 1007) 
before doing the initialization check and returning to the 
main program. 

On subsequent passes through the routine, it is 
ascertained at logical branch 940 that positioning has been 
couple ted, and tasks 4-7 are carried out. These tasks are 
shown specifically in Fig. 20c. 

The routine first checks whether a TIMER WAKEUP has 
occurred (logical branch 1010). As will be discussed below, 
on subsequent tasks, this test may be true, but on task 4 it 
will not. The routine checks whether the TAPE/ENVELOPE 
WAKEUP bit is set (logical branch 1012) and if it has, the 
routine checks whether another envelope is on the way (logi- 
cal branch 1015). If so, the task is set to 6 or 7 r depend- 
ing upon whether it was 4 or 5 (block 1017). The 
TAPE/ENVELOPE WAKEUP is turned off prior to a return to the 
main program (block 1020). Assuming that neither the TIMER 
WAKEUP nor the TAPE/ENVELOPE WAKEUP had been set, the only 
cause for entry into the print routine is that the 
HOME/CLUTCH WAKEUP bit had been set. This WAKEUP bit is 
turned off (block 1022) and a test is made whether the LEFT 
HOME signal indicates that the print head has left its home 
position (logical branch 1025). Assuming the print head has 
not left its home position, the routine checks whether the 
CLUTCH signal is present (logical branch 1027). If the task 
is 5 or 7, the routine returns to the main program at logical 
branch 1030. Otherwise, a 100 millisecond t imin g interval is 
set (block 1032). The purpose of this timing interval is to 
enforce the requirement that the LEFT HOME signal is received 
within 100 milliseconds of the CLUTCH signal. A failure of 
this to occur evidences a loss of home sensor 300, which loss 
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would leave the meter with no redundancy in the event of a 
failure in the base. This failure manifests itself by the 
foregrounds setting the TIMER WAKEUP. This will be detected 
on subsequent entry at logical branch 1010, and is handled by 
5 causing the meter to fault with hexadecimal code 2 (block 

1033). After setting the 100 millisecond timer , which occurs 
on task 4 or 6, the ascending and descending registers (AR1, 
AR2, DR1 and DR2) and the BATCH and COUNT registers in the 
BAMS are updated and the task is set to 5 or 7 prior to a 
10 return to the main program (block 1035). 

If, at logical branch 1025, it is ascertained that 
the print head has left home, the timer is turned off (block 
1037). On task 5 or 7 (as determined at logical branch 1038) 
the routine returns to the main program. Otherwise, the BAM 
15 and task updates (block 1035) are made before returning to 
the main program. 

If it is determined at logical branches 1025 and 
1027 that the CLUTCH signal and the LEFT HOME signal are both 
absent, the routine returns to the main program on tasks 4 or 
20 6 (logical branch 1040). If the task is 5 or 7, this state 
indicates that the print head has returned to its home posi- 
tion. The routine tests whether the task is 7 (logical 
branch 1045), and turns off the steppers and solenoid (block 
1047), if the task is 5, while they are left on if the task 
25 is 7. If task 5, the task is set to 0 (block 1052) while if 
the task is 7, the task is set to 4 (block, 1055) . New 
updated values of the registers are stored in the temporary 
registers in the BAMs (block 1057). If the task is 5, a 
check is made whether a single tape was to be printed 
30 (logical branch 1060). If a single tape was to be printed, 
the keyboard register is cleared and the routine calls the 
subroutine CHKTOT (block 1062) to make sure that the new 
registers adhere to the basic arithmetic constraint. Where 
envelopes or multiple tapes are to be printed, the temporary 
35 registers and keyboard register are set up to so that a 
subsequent print cycle can occur without requiring a new 
keyboard entry. A single tape (not repeat mode), on the 
other hand, once printed, causes the keyboard register to be 
cleared. 
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Prior to returning to the main program, the avail- 
able funds are checked (logical branch 1065) and if it is 
found that insufficient funds remain to print another tape or 
envelope of the keyboard register value, "Add $ u light 22 is 
lit, the steppers and solenoid are turned off, and the task 
is set to 0 (block 1067). If the task has been set to 4, 
indicating that a new print cycle is to occur, the program 
returns to the main program while if the task is 0 the 
PRINTER ONLY bit is turned off to enable the keyboard and I/O 

(block 1070). 

Figs. 21a and 21b, taken together, form a flow 
chart of the keyboard routine. Generally, the keyboard 
routine discovers what keyboard key or keys have been pressed 
and takes action accordingly, as for examply by updating the 
keyboard register or various BAM registers. This routine is 
entered when the background dispatcher loop detects the 
KEYBOARD WAKEOP bit to have been set, which as discussed 
above occurs when the foreground routine detects a change to 
REG89 or REG07. In addition to keyboard key status, REG89 
contains the status of switches 27 (fractional cents entry) 
and 30 (POMODE) . The flow through this routine is controlled 
by the least significant nibble of KEYSTA, designated CC for 
current character and by a 1-bit flag, designated F0. 
Usually CC is set equal to the current keyboard -switch being 
pressed, but it may assume values outside the range 0-9 to 
indicate special circumstances. In particular, if no keys 
are depressed, CC = 10; if keys "7", "8", and "9" are all 
pressed to signify that all the display segments are to be 
energized, CC = 12? and if the keyboard register KB is full, 
CC = 14. As discussed above, in the "mail room" mode, four 
characters may be entered before the keyboard register KB is 
considered full (three if the meter 5 only contains three 
steppers). In the "post office" mode, the entry capability 
expands to the number of characters in the maximum permis- 
sible value (e.g. 6even characters if the maximum value 
allowed is $99,999.99). The determination whether KB is full 
is on the basis of the keyboard register character counter 
KBCC which is the tenth nibble of KB. 
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Before describing the precise operation and 
sequence of the keyboard routine, it is helpful to consider 
the various ways in which exit from the keyboard routine 
occurs. Generally, a return to the main program (background 
5 dispatcher loop) occurs via one of four exit points 1100 , 
1102, 1105, and 1107, designated A, B, C, and D, respective- 
ly. Upon branching to exit point A, the routine tests 
whether the printer is still busy (logical branch 1110), 
returning to the main program if it is and turning off the 

10 I/O and KEYBOARD WAKEDP bits and the PRINTER ONLY bit if it 
is not, prior to returning to the main program (block 1112). 
Upon bra n c hin g to exit point B, the routine sets CC = 10 
(block 1115) and returns via exit point A. Upon branching to 
exit point C, the routine clears the keyboard register and 

15 sets up a register request (block 1117), displays the key- 
board register if the meter is in the "mail room" mode (block 
1120), and returns via exit point B. Upon a branch to exit 
point D, the routine lights "Add $" lamp 22 clears the key- 
board register, sets CC = 14 (block 1122), and returns via 

20 exit point A. 

Upon entry into the keyboard routine, the fore- 
ground is immediately disabled and the routine initialized 
(block 1125). For definiteness, consider first the case 
where a single numeric key has been pressed. Prior to entry 

25 into the routine, CC will have been initialized to 10 (or 
left set at 10 from the last time that all keys had been 
released). The routine tests whether CC = 12 (block 1127), 
and upon finding it not equal to 12, sets flag F0 = 1 only if 
CC = 14 (block 1130). On this entry, F0 will not be set 

30 equal to 1. The routine then tests whether keys "7", "8", 
and "9" are all depressed (logical branch 1132), and upon 
finding such not to be the case, the routine undertakes to 
discover which key has been depressed (software vector 1135). 
This test is made according to a specific hierarchy wherein 

35 the keys are tested in the order M 7 M , "8", "9", "4", "5", 
"6", "1 M , "2", "3", CLEAR BATCH, "0", and CLEAR KB. This 
particular order is appropriate for a standard calculator 
configured keyboard and in some measure avoids the problem 
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wherein a right: handed person, in addition to the intended 
key, depresses the key immediately to the right or below. 
Assuming a numeric key to have been discovered as the first 
key to be depressed, the routine tests whether the keyboard 
5 register is full, i.e. whether FO = 1 (logical branch 1137). 

If the keyboard register is fuli, the routine 
returns to the main program via exit point A. If it is not 
full, a test is made whether CC = 10 (logical branch 1140) 
and returns via exit point A if CC is not equal to 10 since 

10 this would indicate another key to still be pressed. If CC = 
10, the routine sets CC equal to the numeric character found 
(block 1142). The routine then increments KBCC and updates 
the keyboard register by left shifting the current contents 
and entering the newly discovered character in the rightmost 

15 position (least significant) (block 1145). The precise 

nibble which is considered the rightmost or least significant 
position is nibble 0 if the meter is in the n mail room" mode, 
and is a fractional cents meter, and selector switch 27 is 
set for fractional cents entry. Otherwise, it is nibble 1 of 

20 the keyboard register. If with the additional character, the 
keyboard register is full, the routine sets CC = 14 (block 
1147), and then sets up a register request (block 1150). The 
routine then tests whether the meter is in the post office 
mode (logical branch 1152) and returns via exit point B if it 

25 is. Otherwise, the temporary registers TDR and TAR in the 
BAHs are updated as described above (block 1155). The 
checked arithmetic algorithm is carried out to make sure that 
the updated TAR and TDR sum to the control total (logical 
branch 1157), and if not, the meter faults with a hexadecimal 

30 code 7 written into the BAM location reserved for that pur- 
pose (block 1160). Under normal (non- fault) circumstances 
the routine then displays the new keyboard register (block 
1162), tests whether the updated decending register has 
become negative (logical branch 1165), and if not, returns 

35 via exit point A. If TDR has become negative, the routine 
returns via exit point D. 

Assume that keys w 7 tt , "8", and H 9» are all 
depressed and that the current pass through the routine is in 
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response to the last one of these keys to have been 
depressed. At logical branch 1132, the routine branches 
differently from the above described sequence, sets up the 
segment codes so that all segments in the displays will be 
5 illuminated, and clears the keyboard register (block 1167). 
Then the routine sets CC = 12 (block 1170) prior to a return 
via exit point A. The next pass through the keyboard routine 
finds CC - 12 at logical branch 1127, whereupon the routine 
tests whether all of keys u 7", "8", and "9" have been 

10 released (logical branch 1172). If not all of these three 
keys have been released, the routine returns via exit point 
A, but if all of the keys have been released, the routine 
returns via exit point C in order to clear the keyboard 
register, turn off the display of all segments, and set CC = 

15 10. 

If, at software vector 1135, it is determined that 
CLEAR KB is the only key to be depressed, the routine exits 
via exit point C. If it is found that no key is currently 
being depressed, the routine tests whether the entry into the 

20 routine was due to a new change into the "post office" mode 
(logical branch 1175) and returns via exit point C if it was. 
Otherwise, the routine returns via exit point B if CC is 
found equal to 12 or 14, and by exit point A otherwise 
(logical branch 1177). 

25 It will be recalled that action in response to the 

CLEAR BATCH key occurs when the key is released, and may 
require the CLEAR KB key to have been depressed in the 
interim. In the event that the CLEAR BATCH key is discovered 
to have been depressed, the routine initially sets F0 = 0 

30 (block 1180) and enables the foreground (block 1182) in 
preparation for waiting until the key is released. The 
routine then executes a wait loop, 1185, during which it 
tests whether F0 has been set to 1 (logical branch 1187). 
Initially, FO will be 0 and the routine sets F0 = 1 when and 

35 if it finds the CLEAR KB switch to have been depressed (block 
1190)). The routine then tests whether the CLEAR BATCH key 
has been released (logical branch 1192), and if not, loops 
back to logical branch 1187. When the clear batch key is 
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released, as discovered at logical branch 1192, the fore- 
ground is again disabled (block 1195). 

The routine tests whether the meter is in the "post 
office" mode (logical branch 1197), and if so, adjusts 
5 temporary register TDR up or down by the keyboard register 
contents, depending on whether the CLEAR KB key had been 
depressed during the time that the CLEAR BATCH key had been 
pressed (block 1200). The routine then tests whether the 
descending register value would be in the permissible range 

10 (logical branch 1202). If not, the routine returns via exit 
point D in order to display the "Add $ u lamp. If the 
descending register value is a permissible one, the routine 
adjusts the control total temporary register in the same 
direction as it had adjusted the descending register and 

15 updates permanent registers DR and TOTAL (block 1205) prior 
to returning via exit point C. If at logical branch 1197, 
the routine finds that the meter is in the "mail room" mode, 
the routine tests whether F0 = 1 (logical branch 1207) to 
determine whether the CLEAR KB key had been depressed during 

20 the time that the CLEAR BATCH key was depressed. If so, the 
routine clears the keyboard and batch registers (block 1210) 
prior to a return via exit point C. Otherwise, the routine 
r eturn s via exit point B and in effect ignores depression and 
release of the CLEAR BATCH key. 

25 The register display routine is entered in response 

to a REGISTER DISPLAY WAKEUF, and is responsible for deter- 
mining which register is to be displayed and displaying it. 
The routine determines which display to display the informa- 
tion on, and takes care of decimal point placement and blank- 

30 ing leading zeros. The register display routine is straight- 
forward and will not be described in further detail. 

The I/O routine is entered in response to an I/O 
WAKEDP and has the function of receiving signals from outside 
the meter in order to carry out those functions that would be 

35 carried out in response to various combinations of keyboard 
key depressions and selector switch positions. The I/O 
routine will not be described in detail. ^. 
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In summary, it can be seen that the present inven- 
tion provides a microcomputerized postage meter having a high 
degree of security and fault tolerance so that critical 
register data is preserved under almost any conceivable 
failure condition. Once a failure has occurred, the meter 
recognizes its own lack of redundancy, and hence susceptibil- 
ity to losing the data, and responds to this condition by 
activating internal circuitry for disabling the meter and 
preventing further operation until the meter is reset at the 
factory. Although disabled, the data in the registers is 
accessible for possible diagnostic purposes. 

While the above description provides a full and 
complete disclosure of the preferred embodiment of the inven- 
tion, various modifications, alternate constructions, and 
equivalents may be employed without departing from the true 
spirit and scope of the invention. For example, while the 
circuitry for inhibiting meter functioning upon detection of 
a fault condition includes a specific type of flip-flop, 
other flip-flop types or settable-resettable circuit elements 
could be adapted for use with the present invention. Simi- 
larly, while the use of stepper motors and mechanical verifi- 
cation contacts represents a preferred and relatively 
economical way to accomplish print wheel setting, other 
actuating mechanisms will be readily apparent to those of 
ordinary skill in the art. Also, the particular keyboard 
sequences and responses, while representative of appropriate 
data management, can be varied so long as such variations are 
carried out in a consistent manner. Accordingly, the above 
description and illustration should not be construed as 
limiting the scope of the invention, which is defined by the 
appended claims. 

A computer program Por the invention is shown by was of example 
in appended Appendix 1 • 
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IN THE CLAIMS: 

2. In a microcomputerized postage meter having a 
microcomputer programmed for supervising the printing^ opera- 
tion and for maintaining and verifying accounting informa- 
tion, a postage printing mechanism coupled to the micro- 
5 computer for printing postage in response to instructions 

from the microcomputer , and input means coupled to the micro- 
computer for communicating data to the microcomputer; the 
improvement comprising: 

first and second independent non-volatile memory 
10 means coupled to the microcomputer, each non-volatile memory 
means including self-contained power supply means and; a 
plurality of memory locations corresponding to accounting 
information; 

the programmed microcomputer including means for 
15 storing an item of accounting information in corresponding 
locations of the first and second non- volatile memory means, 
for retrieving the contents of the corresponding locations, 
and for comparing the contents of the corresponding loca- 
tions; and 

20 means coupled to the microcomputer for deactivating 

the meter in response to a disagreement between the contents 
of the corresponding locations. 
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2. In a microcomputerized postage meter having a 
microcomputer programmed for supervising the printing opera- 
tion and for maintaining and verifying accounting informa- 
tion, a postage printing mechanism coupled to the micro- 
5 computer for printing postage in response to instructions 

from the microcomputer, and input means coupled to the micro- 
computer for communicating data to the microcomputer; the 
improvement comprising: 

non-volatile memory means coupled to the micro- 
10 computer including self-contained power supply means and a 
memory location corresponding to accounting information; 

the programmed microcomputer including means for 
storing an item of accounting information in a location of 
the non- volatile memory means, and for retrieving the 
15 contents of the location; 

means for retrieving the contents of the location 
while the microcomputer is in an inactive state with respect 
to the non-volatile memory means* 
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3. " The invention of claim 2 wherein the inactive 
state is an unpowered state. 

4. The invention of claim 2 wherein the inactive 
state is a state wherein the microcomputer is incapable of 
accessing the non-volatile memory means. 
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5* In a microcomputerized postage meter having a 
microcomputer, a postage printing mechanism coupled to the 
microcomputer for printing postage in response to instruc- 
tions from the microcomputer, and input means coupled to the 
5 microcomputer for communicating data to the microcomputer ; 
the improvement comprising: 

first and second independent non-volatile memory 
means coupled to the microcomputer, each non-volatile memory 
means including self-contained power supply means and a 
10 plurality of memory locations; 

the programmed microcomputer having means for 
storing a set of accounting information Items, the values of 
which items have an internal relationship to one another 
irrespective of their individual, values, in corresponding 
15 pluralities of locations in the first and second non-volatile 
memory means, for retrieving the contents of the correspond- 
ing pluralities of locations, and for comparing the contents 
of the corresponding pluralities of locations; and 

means coupled to the microcomputer for deactivating 
20 the meter in response to a disagreement between the contents 
of the corresponding pluralities of locations; 

such that the contents of the corresponding plural- 
ities of locations permit an operator to determine which of 
the two disagreeing sets of values is correct by checking 
25 which of the two sets of values satisfies the Internal 
relationship. 
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6. In a microcomputerized postage meter having a 
microcomputer operable according to a program for supervising 
the printing operation and for maintaining and verifying 
accounting information, postage printing means coupled to the 
5 microcomputer for printing postage in response to instruc- 
tions from the microcomputer, and input means coupled to the 
microcomputer for communicating data to the microcomputer; 
the improvement comprising: 

first and second independent non-volatile memory 
10 means coupled to the microcomputer ; 

monostable multivibrator means having an input and 

an output; 

the multivibrator output capable of assuming first 
and second distinct logic levels; 

15 the multivibrator means being operable to maintain 

the multivibrator output at the first level for a predeter- 
mined time in response to a signal; 

means coupled to the multivibrator output for 
disabling the meter in response to the second logic level on 

20 the multivibrator output; and 

enable signal generating means coupled to the 
microcomputer and to the multivibrator input for repeatedly 
generating an electrical signal at intervals less than said 
predetermined time, during operation of the meter; 

25 the programmed microcomputer having means for sup- 

pressing the enable signal generating means in response to 
the detection of a failure condition, and means for storing 
in the first and second non-volatile memory means a code 
representative of the type of failure detected such that the 

30 detection of a failure causes the multivibrator output to 

assume the second logic level, wherein the meter is disabled. 
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7. In a microcomputerized postage meter having a 
microcomputer, and input means coupled to the microcomputer 
for generating signals representative of the value of postage 
to be printed, the improvement comprising: 

a print element having a plurality of serially 
disposed positions, each position representative of a value 
of postage to be printed; 

stepping motor means coupled to the print element, 
the stepping motor means having a plurality of positions 
corresponding to the plurality of print element positions; 

motor driving means coupled to the microcomputer 
for driving the motor means from a first of the plurality of 
positions to a second serially adjacent one of the plurality 
of positions ; and 

position indicator means coupled to the micro- 
computer for generating and communicating to the micro- 
computer an electrical signal representative of the position 
of the stepping motor; 

the programmed microcomputer having means for 
activating the motor driving means for a fixed time interval, 
means for determining whether the stepping motor means has 
moved from the first position to the second position within 
the fixed time interval, and means for suspending operation 
of the meter in response to a determination that the stepping 
motor means has not moved from the first position to the 
second position within the fixed time interval. 
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8. In a microcomputerized postage meter having a 
microcomputer, a postage printing mechanism coupled to the 
microcomputer for printing postage in response to instruc- 
tions from the microcomputer, and input means coupled to the 
5 microcomputer for communicating data to the microcomputer; 
the improvement comprising: 

a non-volatile memory unit including first and 
second independent non-volatile memory means coupled to the 
microcomputer, each nonvolatile memory means including self- 
10 contained power supply means and a plurality of memory 
locations; 

the programmed microcomputer having means for 
storing a set of accounting information items, the values of 
which items have an internal relationship to one another 

15 irrespective of their individual values, in corresponding 

pluralities of locations in the first and second nonvolatile 
memory means, means for storing the set of accounting infor- 
mation items in a third plurality of locations in the non- 
volatile memory unit, means for changing the values of at 

20 least one of the items stored in the third plurality of 

locations in response to a signal from the input means, the 
changed values maintaining the same internal relationship, 
and means for copying the changed values into the first and 
second pluralities of locations when the postage printing 

25 mechanism is activated in accordance with the signals from 
the input means. 
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9. * In a microcomputerized postage meter having a 
microcomputer, a postage printing mechanism coupled to the 
microcomputer for printing postage in response to instruc- 
tions from the microcomputer, and input means coupled to the 
5 microcomputer for communicating data to the microcomputer, 

the microcomputer and the printing mechanism being located in 
a secure housing, the improvement comprising: 

non-volatile memory means coupled to the micro- 
computer, including self-contained power supply means and a 
10 plurality of memory locations for storing a set of accounting 
information items; 

bistable multivibrator means including self- 
contained power supply means and having an output capable of 
assuming first and second distinct logic levels in response 
15 to first and second respective states of the bistable multi- 
vibrator means, the bistable multivibrator means, once in the 
second state, being resettable to the first state only by 
physical access to the interior of the secure housing; 

means coupled to the microcomputer for causing the 
20 bistable multivibrator means to assume its second state in 
response to the detection of a failure condition; 

means responsive to the logic level of the bistable 
multivibrator output for generating a system clear signal in 
response to the appearance of the second logic level on the 
25 bistable multivibrator means output; ~ . 

power surveillance means for generating a power 
loss signal in response to a low power condition; 

the means for generating the system clear signal 
being further responsive to the power loss signal for gener- 
30 a ting the system clear signal; 

means responsive to the system clear signal for 
preventing data transmission to the non-volatile memory 
means; and 

means responsive to the system clear signal for 
35 preventing activation of the printing mechanism. 



0019515 



78 

10. v The invention of claim 9 also comprising: 

means responsive to the appearance of the second 
logic level on the bistable multivibrator output for gener- 
ating a microcomputer clear signal; 

the means for generating the microcomputer 'clear 
signal being further responsive to the power loss signal for 
generating the microcomputer clear signal; and 

means responsive to the microcomputer clear signal 
for disabling the microcomputer. 
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11. The invention of claim 1 or 5 wherein the 
microcomputer and the printing mechanism are located in a 
secure housing, and wherein the means for deactivating the 
meter comprises: 
5 bistable multivibrator means including self- 

contained power supply means and having an output capable of 
assuming first and second distinct logic levels in response 
to first and second respective states of the bistable multi- 
vibrator means, the bistable multivibrator means, once in the 
10 second state, being resettable to the first state only by 
physical access to the interior of the secure housing; 

means coupled to the microcomputer for causing the 
bistable multivibrator means to assume its second state in 
response to the detection of a failure condition; 
15 means responsive to the logic level of the bistable 

multivibrator output for generating a system clear signal in 
response to the appearance of the second logic level on the 
bistable multivibrator means output; 

means responsive to the system clear signal for 
20 preventing data transmission between the microcomputer and 
the non-volatile memory means; 

means responsive to the system clear signal for 
preventing activation of the printing mechanism; 

means responsive to the appearance of the second 
25 logic level on the bistable multivibrator output for generat- 
ing a microcomputer clear signal; and 

means responsive to the microcomputer clear signal 
for disabling the microcomputer* 
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12. The invention of claim 11 also comprising: 
power surveillance means for generating a power 

loss signal in response to a low power condition; 

the means for generating the system clear signal 
5 being further responsive to the power loss signal for gener- 
ating the system clear signal; and 

the means for generating the microcomputer clear 
signal being further responsive to the power loss signal for 
generating the microcomputer clear signal. 

13. The invention of claim 11 wherein the means 
for preventing data transmission between the microcomputer 
and the non-volatile memory means permits data to be read 
from the non-volatile memory means independent of the 

5 microcomputer. 
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:w Hyy A -5EE IF ESH iSlITE Sl»m TRUE 

HB¥fc F^.ft SO FALT 



>£2i 21? . JT1 % 



21 ^;ifr ^ H.f2 : IF IEE -3F ^2 = 1- ^ M5RJW 

-tz £2 JE7 



^ fi .5 ca? F TH PI rre.sTPP 



S S[ FO ;F8ISl®T0TELiIFWlNG4CHRP 

wo 2i£ - HBItt- ^ ^^DiSEUfV (=8). - 

"S^^ CLP FO ;IF4CHfRK2(R) = 3XH. IF 9 MR 

v * :R2 (KQJH) = 2XH 

-x* — : BAD ORIGINAL 



001951 



rt E .-X *T 
RTyl l fTE 



tv:_- 



<-it*-:.- 



PftGE 5 



"Vis 



221 
221* 

. . 211 _ 



5»5LPCE 5TSTDEWT 

RK' MFW 
J*C T1HIH! 
J!f .11 KM 



.iJLZEPO K'lft 1ST £}tff:. flp 



SEE IF D01HG STH CHff <&*F{:=&. 
HO, J* 



• THIS 15 4CR=- I-iSFtft. SEE IF 1ST 0» & Qim 



21" Wiif:; tW. 
12:- 

2?r _T«EC 
23* 







22? 






















w: 


ft 






137 


IB*' 










. *>' 


P5f 




EE;; 






Fi- nl- 






24i- 




fi. R2 








JFfr 





2<: 



;T0 TEST F0=- CH$ CO*? 
;L5H R2 IN ft. Jff IF HOT 2EK- 
_jVz£~ DEC Fi (C0N1EF Fur * 
;P T1»C5 TO GO THFV DISFtiff 
i»& k LF5T TIPE Et?C*£ MIfc 5 08F: 

;0F Ffi£>: DECIDED Ef&JEF.'. TtEh F5 



ifi£' CLEfiR Pi (THIS Tl>£ W£ FfG> 
:GET fi 

•IP FM- tOINB ^ Off* 











rl RGRIK 


&? ?~ 


2C 






;HrtI = -i TO (FF MSFiRV 


m^e y 






P7.f 


= R Hff C^hF.. 19; IS flK* FCf 74145 


't 


2-5-- 


HC»V 


K-m 


;Fa RTF TO Dfr, GHIS RHL* 










GFIEr CP F2> 






OWl 


P1.R 


;SFJ£- COLS' Off. TO PI FO* b!5\Fj 


6&4E I r 


25 


CLF. 




;KT FIR:- TO FS£- PJK Oi> <=6) 




25] 


MM- 


P5.R 


;SQ£* TO S24? 




2f^ 


MLL 




;Doe PKLiia!!^ sw iseoiNciws 






HDv 4 


R.F2 


;(£T CW> DEWT TO SEE IF DONE KITH 










_:p*ft5E67a&85 * - * 


re: 




flU* 




;27H = IF WE KITH CHF£ '7', 




2K 


JZ 




;JWP 










I29K + 8D«? ♦ 6FEH = €» IF DOE 






JZ 


mwe: 


;«ITri CffiR JU?f 


i**JT ?-E^ 






WW 


iELSE J»J^ 




2£2 










2t> [<0NEI1- 


CfiiL 


DO^ 


;DBOlW-:e STIFF 


*»?~ cp 


2t- 


HOV 


R.P7 


;1F CCTiS 5F?VE INFO IK R7i7) 




2?5 


JFi 








25t 






iKC» CWI^ IN Ff®7 




2P TlMt»>} 


l»" 


H7.R 


;TKIS IS L09PH- RT IK K»G 


r':I* 




KCu 




;GE1 REff^ OT PHftSE tf TtEftWCIHG 








TIFIM 


;JfP TIFFIN 




27d 


i 








271 


;T1KIN5 IS LIKE TIH1H1 EXCEPT FOP a ch» DlSFUft 1 




2?2 

2?3 T1HD6: 


i 




jHRKE Pl=e TO BLfltt: DISPLRV 




274 






ifH' HR5 NIBBLE KB.flfflLFOR 



I 



BAD ORIGINAL ft 



0019515 









- -r-r * 


: sizz 










" ~z 




e:.-:e 


Fr-TE^T 




~v r* 








74i-:. fl HRE fvlHTE? TO EHCC(€I> 








-1.fi 




1"! 


™ 






•cET c Ef^*v TO FK» rlH 






■?* 








::? 






-:OEE ^ELIH ?£G Eo Wd>; ng 








- 






1:1 








:C " TEE* 


2:1 






J* , 






''~ 




*IK~ TO tO If ^ C<tf€ Tr^ii 














:s 




?2 


r E^ lu CfEE ^r^T]^ ^ 










Cr» I'JEFtty 






;£C 






-IrTE 


2EE 


X. 


7?!ffTE 




*~ ir 


2S"? 


•M 




.MiVT GET E«X TO COPkECT 




25? 


J*' 






1-1 


: 








1-2 










251 


:;-:■*£:— :•:•=£ :oh= jit-. ; £i» gs^. >£& u> s* ok 












25? 

~2_T 














:~*u to -apt, Cf? ? EniTu- LfJVt 












: 11 11:1 


Err 
















KF"J« ^3fP--IFV "z liSP CTF: 


—:!- 


















-IE ^vv= E-HE "£l:h E£Evl^M 


i- 




!«•; 


=2 


^7 ?E^ " ?^ 


vPIE 






- f ^ 


•F :^ il- -r.i- Cl= E.-T:> 






•:»_>. 














•»€ -rr^ 


=r*I 


:r 










:»:^ 






Rl' = 28H TO FE& ? 0. ffiCt EH 












"Vrl EE— 






=s.^:*£i2 


r?E V ET- 


:-ee: 5*^ 


-n 






T r.;E Ff: r.4 £ ?i ' . 










^ - 






C*L 




,D0 f?j=l :£^jfiCi>6. Fi = i 53V5 










.E-^EE •■JEE 1 LftTEF) 




:« 










lit 




TO r : ^ r :EG:; 






:i? 


, IE 


















14 i 


•?t 




^E F BiT ? = i 


Mr: E2^ 








•IT If IF =>. 0- IBE£ 


??r: =:~: 


in 




:-*>£2E 


& IT IS IF a 






JK 




•e-ut mot if eee > fcehtb 


fY~* s4££ 


23 


JSP 




,ELH IT IS - 




Hi i'firlb 


Ml 








225 WSE' 


• 




:ST0^ !W -£GS? 










,R7u.' t^S 1 IF Q5SJGE IH FfGB? . 




-.? 






-=E- IE FFEE ^OS i-EEC-MI STUFF, M> 




?2S 






* :HEE» TO ffiVE FC^ L^TEF: 




223 


J=7 


1<*£2S 


;JISP IF OSHGE DCOSED 



BAD ORIGINAL ^] 



0019515 



1SJM1 tCS-4MFMl IfCRO ftSSEJBJL V3 8 p«£ 
^ fETE*. 4-ifr-7S 



loc oej 


Ll»£ 


SOUSE STRIDENT 






33P 


JF1 tar* 


IF nwy t H ppnoo m 


WfC Ftt 331 D0O7: MOV R7,t8C8H 
332 


;OEf£ OUT 1ST 6 BITS OF R? 

TIE EXTJHTS* HOfE fK> CLUTCH 
: flaa. cur, tpj 


334 
335 
TV. 


;WILL BE ST0R£1> R7(£) = ft fljfc 
;TO TELL «H DOE ft! fM» R7<7> 




337 

336 D0O3 

TO 


■- m R2 

!W fl.R? 


;M> DOELR2 IS SET IF TO 2S. 


»*5 aw 


346 
341 

■M? 


KM> P5>fi 
HOY fLR7 
.WT1 


;fCW TO 74156 TO SET UP Tl 
;GET R7 

imtn SFT RH ltfFff.n=i 


8e?-4 17 
6ffi? 77 


343 

344 D0N333: 
345 


m a 

RR fl 


; ROTATE FOR JEXT BIT 
Ll£_FM)PIT ft PFW «TT. iw- 




34& 
347 

34P WfPi: 


iELSE WW R7 70 R AND REL00P 

JIP WE33 
-BE fi ; DO ? tTIPF PfTTBTFC Tfl ft TIM 


BK? 77 
8*P3?I* 


. 34? 
356 
351 


RR 

HOV R7,R 
JBi tw-v; 


fPUT Bfa IN R7 

rTF BTT1 nynwrn ffd T^ 


eo ff 

eeci k 


353 D0O5: nDV.fl.R7 

354 W5 fi.f* 


•HOC'IFY B»3TR 

IEEI' TO SEE IF SMH)EBa*£ED 

CH_* TO Q UTFH (P OTf . ft Ti p7 


G3_2S3* 
es:< ctTf. 

6X* 228? 


355 
356 
357 


Hi fl,«38H 
JZ DOfGF 
W3V ft.«p«m 


SAVED IK R£ 

JVt? IF NO CHfHGE TO HOfE OF; CLUTCH 
SET BIT TH FftSTfl 


KC6 74CE 
eeOi EA36 
era 


358 

359 D0NE3F: 
368 


CR1 BRKREB 

MOV R2.«38H ;JWI CHRF: POINTER REfDY TO DO 40ff' 
J5DV !„ RMRESIf sfjrT M RPRW FOP l«m!WT fF prm^ 


68CEES*4 
6K* WEP 
K£2 23*4 


361 KN R3,*834H »B© PUT IT'S 1 OF HIES IN K3 

362 J* TIfRET 

363 DOfQE: KN Af IOTSK jHSVF Mi TOT TO — ir ni xx-tt- 


8K-4 74CE _ 

ee;* wee 


364 
365 

3K D0NE29: 


CfiLL BRKREfi 
JfP DOE35 
i JB2 D0O8 


;DO K/B OKLV IF ffl + ftffi 




367 
36B ; 
369; 


KN RR4 i 
CPL fl 


JlIF IF. 68 
SEE IF .888 
FOR ERSE OF TEST 


83DS23K- 
KM 74CE 


376 ; 

371 D0HE38: 
372 


JE5 D0O7 

hov r#keytsk ; 

CfiLL KKREO 


MO K/B IF JOT> 

CHRNGE KKSTfl TO DO KEVBD TRSK 




373 
374 
375 


JH? D0NE37 

;D05 OF TlfflNT ROUTINE 






376 
377 
378 


iNOMSP IS FOR USE BY TIMIKT TO KEEP THE ONE SHOTS FOR THE FflULT FF5 
;G01KL IF THERE IS NO DISPLAY (CHflR 
jPOIHTER KEGfiTIVE) 




379 
388 
381 


JONESHT IS USED BY THE TIKI NT ROUTINE DURING NORM. DI5PLRY 

iflCTlON TO KEEP THE FflULT ONE SHOTS FIR] HQ, AT THE END OF DOE5 

t TIBET IS 1KFO flTTtg EW) OF DBE1 BHD KtTt 




382 
383 
384 


;TMrlN IS USED RT THE END OF RLL OTHER PflTHS THRU THIS ROUTINE 

i 

?C0te FROM MNE5 WITH FB=L FB=S - 



•BAD ORIGINAL 




- - 001951S 

1515-11 NC5-4MF1-41 MfCRO RSSB&Bi, V3 B - PBGE 8 

RE S2K fETEL 4-16-79 



Iff DPI 




SOURCE STfiiDO/T 






385 


;SAYS DOING NO DISPIAV, 0H.Y 


85 


385 ; PRINTER T1IER fK) FRUIT FF OE SHOTS 
387 ; 

TP* M F8 : MTW Nf> M<J>. fw V PRTTP 


6G0F 2387 
8?Ei 3E 


389 

258 0tESHT: HOV 
291 KOfi) 


;AK> C»£ SHOTS 
MfPSTl ;GET RERDY TO FIRE 2 OE SHOTS 
P£,R 


88E2 17 
8SE3 3E 
86E4 B£EB 


292 
293 
394 


novo 

JF8 


fi ;T0 MKE CHflHGE TO FAULT FFS 

P£mR ,[*E SHOTS 

ll&n iJ\TP IF AT EM) OF DOES 


66£6 F9 
K7 3R 
eeg WEB 


295 
395 
297 


MOV 

can 


A,R1 ; ELSE GET £U> PORT 2 

P2A 

TIKRET 


66ER1A 
88EBB929 

eo fi 


298 TIIPIN: 1HC 

299 TirRCT: BOV 
488 MOV 


R2 

RLfSAWCC 

&m 


INC OfflRACTER POINTER 
;INIT Rl FOR HAVING AH) ENTERING 
; INTERRUPT ROJrifB <USED TO 


#=E93 


481 
482 
483 


RETR 




;IK>IRECTLV STORE m FETCH BRCKGROUK) 

; ACCUMULATOR 

;DQESSLRB8 


484 i 
4B5i 
485; 








WE7P5P— 5/? WICH REflDS FROM BflM TO fiflH (fOlRIV INTENDED 


487 i 
468 ; 

*es ; 


FOR REH>1H5 8 BflM REGISTER Atf> CONVERTING OfflRS TO 
7 SEG CODE FOR 4 OtfR DISPLAY ft© JKITING TO RAM). 
SEVERAL PfiRftETEP^ fiRE PASSED IT. R8 VPS WRITE RDDRE55 


418; 
411 j 
41? ; 


(IH FflK) , Rl W£ Ef&l flDDR CBfltti) F05? REH). 
F8=8 SAYS TO CPL CHRRS (FOR 9 DIGIT DISPLAY) 




413 s 
414 
415 1 




88EF 18 


i 

OTD5P: IHC 


R8 


;INl RAM PTR (BRM PTR INCFD BY 


eeFe243F 


416 
417 
418 


CfliL 
ANL 


fcfCLRMSH 


tREDBKD 

jREflD FROM 1ST BAM 

:GTT READY TO DO M0VEP3 ON 




415 
428 
ATI 


MTM» 




; BASIC OF OHWDO TABLE LOOKUP) 
;0F PAGE 3 

-fFT FNmrfl) 7 tffflFFDR 4 CKfiR 


S8F5 B6F8 
86F7 37 
MFR A8 


422 JF8 

423 CPL 

424 Unvcpi- KW 


WIBSP1 
A 

W.R 


;JUMP F FOR 4 DIGIT 
;f1TT TN RRM 


89F 9 EEEF 
88TB 83 


425 
42G 


DJNZ 
RET 


R&WCTD5P 


iRETURN WEH DONE 


428 
429 
47fi 


; DISFRG— THIS S/R D1SENR8LES T>£ FOREGROUW) WIIE USING PORT 2 ~ 

FflP fTTOT? <KATU VTffRfiN) 


431 

432 










88FC 65 
B0FD B81A 
fFF74P4 


434 DISFRG: STOP 

435 MOV 
47* mi 


TOT 

RMR2F0RG 


;FOR IHDIR ACCESS OF *2T 


8181 3F 

8182 F8 

(HP7 47Pfi 


€37 
438 


MOVD 
MOV 


P7,B 


•GET READY TO DISENABLE FOREGROUND 


BAD ORIGINAL 



0019515 

1S1S-1I KS-4MPM1 ifCRO BSSDBIfc V3 6 Si 9 ' 

RE 925X fETEL 4-16-79 



LOC £BJ 


LIfE 


SOURCE STRIDENT 




eiesre 








aieess 


441 


SIM 


T 




618? E3 


442 


RET 


















444 










445, 


; " JEITB- 








44* 




THIS S/P tf^TTFf. DRTfi TO Iff ISTM Pft fic. fin ^ 




447 , 




I THE DoTR IH 7>E LSN CF TJE fOWllflTOR. BITS 6-7 




448. 




OF RP SELECT OE OF 25£ WORDS IN B&rBJlS P24 & P25 




445 , 




OF PORT 2 DECODE RS FOLLOWS 




45e t 




TP SELECT BfWl OR 2 




MCA 

451 




Wr K«1*BRM2 




45? 




m- m? . __ 




453 , 




1&- Kttl 




454, 




11- tETOERBflK 




455 




SEPreffTF-FtflPV m Blfmc.iPmirTnppm 




45*, 




FIRST l» IS &ITTEN TO PI M> "DEN DECKED. 




457, 




AFTER SITING THE WITIEN DflTR IS DECKED 




45f: 




JQ£_EEHEK IS tflDF WITH Rfc Itf*T> i w firrmrCTfP PccTfPpn 




459, 




R7 IS CLOBBERED BY THIS S/R, F6 IS RESTORED EV RETR T\£ 




468 , 
451 




FOREGROUB MUST EE DISRBLED. HRTBK1-1B2 5 H/S. 




462 , 
463 


? 








4« t5P 


F* 




Cat? <£5l£ 


455 




*RITB1 






465 m&£ : CLR 


FB 




Die* 5? 


467 


CPL 


FE 


fFWL SR^ WmNG TO BflM 2 




468 


HL 


fttCUaiSK 


?NEED TO WRITE TO BOTH BflrtS 


CM DC* *£* 


459 


HOV 


R7,fi 


rSO JEED TO HWE BOTH HIE8LE5 = 


CUP ■tr 


478 




R 


fFOR BW IRITE OSX 




471 


ORL 


ft>R7 






472H3TB1: fH. 


P2, tSOLEH 


r{648H> KEEP SOJEH SIGNAL 


oil*! oalr 


473 


ORL 


P2» IPR0G2F 


FEffiBLE 82C-2 SO CRN KI7F KITE DffTfl TO P4 




474 


tm> 


P4,fl 




cm 4 7 CA4T 


475 


f*L 


P2,t50LHPF 


;TH1S PREPflRES FOR tf>ITE TO BOTH BflMS 


Ou-I— * COil" 


476 


JFf 


worn 


FWPIFTOIRnETDBDIH . 


Pi J ft OrLir 


477 


ORL 


P2.tEBfi?H 


fTHIS WITE OLY TO Bfttt 




4781 


tfB&BB: H0V' 


K?*fi iSBVE faUttflTOR IN R? 


v>ii i r if 


479 


HOY 


ft* R8 ADDRESS TD Pi 


UJ-Lr 


488 


■ OUTL 


RLR 




Vice 


481 


IK 


&P1 ; CHECK THRT WOTI CUT TO PI 0. K. 


6121 DB 


482 


XRL 


MB 






483 


J2 


WB881 ;JIH>IF0.K. 




484 HULT: • 






W?4 64FP 


485 


J)P 


FRULT1 


iSOFT FRUIT. JUST TOW OFF MOTORS fH) SOL fH) STOP 


612b 65 


485 IRB8B1: 5T0P 


ran 


;T0 RVOID FOREGROUND CHRNGIHG P2 


6127 68 


487 


MOP 




;TD HUM TIffiR OVERFLOW TO HRPPEH IF REflDY 


6128 833F 


488 


ORL 


P2,W>ITBR 


; (89BH) DO WRITE 


612fl 9fl7F 


489 


HL 


P2,tS»aBR 


;<67FH) STOP «ITE t KEEP Bfltt H5B CF flDRESS 


612CS 


496 


5TKT 


T j 


; RESTART TIMER 


612DB$ 


491 


ins 


Km s 


tREflD Bflft SELECTED 


612EDF 


492 


xra. 


ftR7 ■ 


iCOffWE WOTIEH DflTfl WITH RCTUfiL - 


612FB5B 


493 


JF8 


H01B2 


i JOT IF UfflTE TO BOTH 


6tt15WF 


• <?<. 


fH. 


ft»CU«SH ;»LY IWTEK5TED IH 



BAD ORIGIMAL &j 



' 0019515 

1515-11 KS-4&W-41 WTO flSSDBUR, W.9 PflGE 10 

F»£ S25X fCTER. 4-1&-79 



LOG OBJ 


UK 


SOURCE STRTDOT 








Pil? CG9 


495 WITB2- 


JZ 


UHTB5 


; JWP IF READ WAT UHJTF 




6135 Z38F 
613? 64E1 


496 
497 

499 IWTB5: 


nov 
jip 
vm 


ft/#8GFH 

FAULTB 

A.R7 


;ELSE GET READY TO JIH> TO FAULT 
renins* atom 




eofi is 
eue 52 


499 

569 




INC 
RETR 


R8 


; INCREMENT THE CHfiR POINTER 

4iU4MHMMMM> » 1 




532 ; 
503 ; 
594 ; 


READB— THIS S/R R£ff)5*T>E BAH USING T>E ADR 1H Rl * RETURNS TO 
PE9.LT 1H THF PCCLttlfiTCR 


5e5 ; 

ses; 

W ; 


TORE fiRE TWO EHTRV POMS REDBttl W1CH READS FRQH Bfifl i 
AMD REDBHB WHICH READS FROM BOTH 6AHS. F6 IS RESTORED BY RETR 
w k iMrwwnrn «tfp tw Pran pfiw*> aft pfw«^ 


588 ; 
5G8 ; 

S1R : 


REDBftL - 57. 5 K/S 


pl3L CD 

ei3D 2441 


511 

512 PEDB»: CLR 
541 JfP 


FB 

RFfiDBi 


;F6=8 SAYS READING FRDH BOTH BflttS 




W3F 85 

614*95 

6141 9A46 


514 RETBHi: 
515 

516JEB«li 


cue 


F8 
FB 

P2.t«lEN 


;F6=1 5AV5 READING FROK BAH 1 
;fft4ftO MTPQIFN^TOW 




ei<3 SA9F 
8145 F9 
*14S 3? 


517 

as I 

5iS 


aeeei: 


ca 

rsov 
wn. 


P2.iEBAK12 

A,R1 

PLA 


;PUTADDP0NR1 




ei4?e9 

6149 D? 

en?<S24 


528 
521 
522 




IN 

XRL 

JN? 


ft, PI' 
&R1 
FW 


;0£CK TOT Pi = Ri 
iW IF PfflBLEH 




6145 68 
614C19 


53 
524 

525 




INS 
INC 

-JF6 


A, BUS 
Rl 


;R£AD NIBBLE 

#INCR TTE CHAR POINTER 

;TFPFWW5 FPOH fifTTH BASS WWT _UK> 




614F S3 


526 
527 
S» 




RETR 

iTHIS SPECIAL COPY OF READB REflDS FROM TIE WRITE fiDDR 




6150Sfi48 
6152 8A2F 
w 1 ^ « 


529 REDBttS: 
538 

TO 


PtL 
ORL 
WY 


P2tiS0LEN 
P2»*EB«tl 
fi.Pfi 




KEEP SOLENOID 

READS FROH Bflftt C*LY > . 

RTTPWFPfWPft 


OL55 39 

ei56 69 


522 
533 

TO 




OUIL 

IN 

yw 


PL ft 

an 

a pa 




put an to pi 

DECK TOT- PI = RB 


6158 5624 

eisBes 


525 


JHZ 
IKS 


FRULT 

a bus 
a*"*™ 


;READ DATA FRW BUS IN LSN 




615D53 


539 




RETR 
























541 
542 


; S/R ORKVR — CLEAR KEYBOARD REGISTER IT DOES TOT AH) 

FIXES IP KEY5TA (IN R3) fW> CflLL CHKTOL IT USES R»RB/ 


544 

545 


























615EB86B 

6168 EE8fl 
p4ry 7? 


547 0J9Cffi 
548 

549 


: nov 

HOY 

nt? 


RBifBKBREG 

Rf»#B8AH 

fl 




;GET R8 READY FOR WTBttl 
;ET R6 REfflV FOR LOOP CTR 

?WWT TO iPTF ft Tfl Pffi 



BAD ORIGINAL 6^ 



0019515 

1S1E-11 ICS-«fcAP]-41 HfCM, RSSBRBc, W 6 FH£ U " 

F)E S23K KETEF 4-1P-7? 



LOC OBJ 


LIE 




SOURCE STRIDENT 




348? 


55BCUW*. 




mm 


;»TTFTnftflH 


vlU< EX CO 

81C7E32C 


551 
552 
555 




DJKZ 

MTKJ 


R&CLR888 


;DO£ VET? 

;FIX IP R3 (STATUS 

JOF KFVRfm> Tfyy> Th pffyo 


81CE BFP5 


554 
555 
55f 




mov 

MOV 

hoy 


IB* ft 

R6.WS5H 


iCCEie nxEs ip.lsn 
iTepFypmiotfTrrT 


8i£l» F27B 
B16F CE 
« 7 *FE 


557 
555 


JB7 
DEC 

H3V 


CLRB&l 

R6 

A.R6 


;IF BITMf P.O. 4 HORN ♦ /FCBttS 
siBCL m> CHRRS TO KKEGtt) V5 <B) 


8171 3«K 
617? 


568 

561 




DLL 
Jrf- 


WTTEm 
OtfTOT 


; WRITE TO BKBSKfl) 

;M£W5 DP TO TDfc fiR TO THfc ADDS 

;KF: Tfl Tff?. Qpc yp win to, 




563 
564 

5f? 








yflDOS DR AND flR fW OWtffcES HITH 
? TOTAL (CtPV IH TE»>) 


56? 


' MOVREB-S/R MUCH MOVES fi REGISTER FROM 

S- BflK TO flNfTBFF PCCTCTPP TM POfl 


565 
578 j 
?71 


! RB POINTS TO THE KITE flDDR IN Bftt 

! W POINTS TO TK R£» flDDR IN HW 

: TIP BfTRlFS POINT/: fPf PRTNTrfT.. ftWW urns* m ntm 


572 , 
575 , 
574 


fW5 H9VRB8 MOVES TO Eflftt ffi£> 2 
: RG fM> R? ARE EGTH CLOBBEFfl) RS IELL RS T)£ ROUS 
! TAKES 1 85 O f. KK 1H3.IPHR FfPCBPfflMTi TTIF\ 




576 , 






577 










8175 85 

8176 2486 
8178 


578 H0VRE1: CUc 
575 Jtf> 
58&H0VK5: OJ> 


F8 ;F6 = 1 SAYS IRITE TO Bfitti 
!f£BL 

-18 >THIS ENTEV POM MOVES 3 RFfK »qm PVTFQ 


€175 55 
ffiLTT 2452 


561 
5S2 
583 




MOV 

Jrf 


F8 

R6,tB29H 
MREBL 




feiTE 85 
617F 55 
818* F£ 


584 M0VR38: 
585 


CLP. 

at 

MOV 


FB 
F8 

ft,R9 , 


fF8=l SW5 IKITE TO BAf2 , . - 

,1ST mi ^TTTFW PFCIOFP mpry 


eiei f£ 

8182 4385 
8184 f£ 


587 
58S 
58? 




MOV 
ORL 
HOV 


fl» §88511 
RB> A 


fSAVE TO RESTORE R8 LATER 

;T)E 1BTH KIB8LE MSB IS DIRTY BIT 


6165 B7 
8188 348? 


558 
551 
552 




DEC 
JFB 
CALL 


A ;T0 BET LSM OF fi=8 (DIRTY BIT) 
HREB2 iJH> IF TO «ITE TO Bfltt 
MRTBm 


818ft 248£ 

ei8C34e& 

B18E FE 


555 

554 «?EB2: 
595 «3EB3: 


JWP 

cai 

MOV 


HREBi 

WTBK3 

R»R6 




eieF as 

B15& BE85 
9152 343F 


596 
557 

598 KEEL: 


MOV 
MOV 
CRL1 


R8,R ; 
R6,ft989H j 
REDBm ; 


GET BACK ORIGINRL R8 
GET LOOP CTR READY 
READ FROM BAM USING Ri 


9154 B65A 

9155 546? 
815$ 245T 


595 
668 
681 




JFB 

ca± 
JTP 


MREB4 ; 

URTBftl 

MREB5 


JtP IF TO WRITE TO BAfU I 2 


915ft 34BE 
919C EE52 


682 MREB4: 
603 - 
€84 t*EB5: 


CALL 


;RB AH) Rl INCR BY «ITB M> KDe«l 
f&tfSBL ;D0HP VEP" 



BAD ORIGINAL 61 



0019515 



ISIS-11 JCS-48APIH1 nflCRO RS5MLER, VI 8 
PC ?25X «m 4-18-79 


PACE 12 


LDC OBJ 


Ll)£ SOURCE STATEMENT 






7? 


«« 


W 


A 


;!UST OFflR CUT DIRTY REGISTER BIT 


tunc tAOO 
BIS >W» 

eiRi F9 
«»«»7FB 


€86 
£87 


CfU 
«W 

m 


iktbrb 

fcRi 


; POTENTIAL KLUDGE HERE (BOTH) 
;YE5, REESTABLISH Ri FOR POSSIBLE 


cms ru 
«fi5F8 


€89 
€18 
€11 


rev 
rev 
fti 


RLfl 
R.R8 
JUftBSI 


; REESTRSJSH R8 FOR POSSIBLE REUSE 
;BY CHIIH5 ROUTINE 


(HAS fi9 
vino no 

MR9 93 


€12 
€13 


rev 

RETR 


R8.R 




T-.,*-,^ | ■ | | ,.m | 




€15; 
616 ; 

«? : 


TOPTI — ft 5/R WICH TURKS OFF T>£ PRINTER TIfO IHTEWJPT BIT 




€18: 












€19 
€78 










Off) 2384 
8iflC B836 
ttflE © 


621 T0PT1: MOW 

622 TOPTIC: HOT 
TO STOP 


R,#ST1HTV 
R8,iPRCTR 
TCHT 






61RF RB 
PiE8 FR 
mi 529F 


€24 
€25 
€26 


nov 

MOV 


SR8#R 
R.R2 

R»tHP£TTI 


j RESTART PRIKTER CTR 
;TURH OFF TIHrR BIT 


(mp? pa 
eiB4 55 
eiE5 S3 


bet 
628 
€29 


nov 

STRT 
RET 


R2.R 
T 






- 


€38 ='"in 

€31; 
€32 ; 


KRT1G — RTUTIHE VH1CH DECKS IF KEVSOflRD VflLUE Will CflUSE DP TO: 




€33 ; 
€34; 
€35; 




1-fiE NEGATIVE IF IH NODE IHICH ALLOWS TO USE ALL MONEY 
IH DR 

9-TF IH IPS MODF. M EgOC DQtF __ 




€3€; 












€37 
€38 


iiiii'ii 


nliill Hi' ' 






Wife K>fO 

eiB8 


€39 KBTlfi: 
€48 

CM 


nov 
nov 


R8.I8TDRP8 
RLIMETVPE 
Q.agi 


;THIS POINTS TO TDR(8) FOR UTTER 
sGET COPV OF NETVPE ' . 

1 '* 


&BD 2458 


€42 
€43 

fM 


JB5 

CflLL 

JH7 


KBTL64 
REDBHS 
fflTIR 


; 


JUhP IFUPSreOE 

TIK> IP fifKOTCT FPffl : 


eiCl 4458 
810 8838 
wrs 4ft 


€45KBTIG4 
€4€ KBT163 
€47 


: JM? 

t: nov 

INT. 


KEYDF 
PB,tB38H 

m 




KB UK. 

POM TO 1ST CHflR OF 4 CHflR DISPW 

pon put ff mfvnrKT 


«LC6 34* 
61C8 34F8 


€48 
€49 


cm 
cai 

KN 


CLRJCYR 
TCFFSS 
.PI ..tPRTSTfl 




CLEAR T>£ KEYBOfiRD REG 
►TURN OFF SOLEHOID 

iQFPRTrf PRTKTR STATUS 


ace ri 

81CD238E 


€51 
€52 




nov 
nov 

_JHE_ 


«RLR 
ILISOEH 
"wnft ' 




iTOFFSS RETURN UITH fl * 8 
;F0R KEYBOflRDJILL 




€54 i**** 
€55 ; 

= 


act 


jtutc ca> cmkj 


fnf. 


rmw to tut ppppfPglfflE ■ 




€57 ; 
€58 ; 




SltWER 




i iniin 



BAD ORIGINAL Opj 



0019515 

ISIS-II tCSr<BAP]-41 Hf££D flSSEWDt Y3.B PfiDE 13 

FME 925X fETDo 4-18-79 



LOC OBJ 


LUE 


SOUXE STflTDtNT 






1358 


_j_ 


* 




ttDi 34fR 


661 90: 


CALL 


TDPTI ; 


THIS QFflK T1IFR TfC* RTT 










M> RESTARTS PRINTER TI»Gt 


MM FT 




mv 


R.M 


en ore mmn m P7 n™>> 


B1IK 47 


664 


SWAP 


fl 




61D5 fF 


££5 • 


nov 


R7.B 




MD6 




K 




<JMrcnnjnift- 


(HDP ftffXl 


cry 


ORL 


nwtm : 


CI REHDV TO SEND 007 STEPPER COHVOS 




€£8 


nov 


R.F3 j 


SEE HHICH STEPPER TO 90 TO 


WD?. 


£69 


JBi 


5M>? 






£78 


JB8 


901 




eiDT F 


6?1 908; 


nov 


R.R7 ; GET STEPPER COltiM) 


fHFft 7T 


£7? 




M.ft 


<nr, to n't; ttm rxvr 


MC4 en 

Piil. * (U 


Of J 


RET 






ea£2 ff 


674 5W1: 


nov 


fi,R7 




WO 3D 




KM) 


P5.fi 




CLLLt 0^ 


DfO 


RET 






W£5 12ER 


£77 s«>2: 


JB8 


SH8 




61F7 FF 


£78 


nov 


R.R7 




W£8 3E 




novD 


PS,R 




61E9 83 


£88 


RET 






eiFR FF 


£81 W>V 




R.R7 




fHFTt IF 

Pjr p pr 




new 


P?,B 




BiEC 83 


£83 


RET 








684 ;iiihi 










coq ; 

DW # 










£8£ ; 










£87 ; 


NORJWT- 


-THIS 15 V£ HORMFLL INTERRUPT S/R, TT UPHS OFT 


- 


roo . 

DO© / 




T>£ DISPLAY RHD SOLENOID fW STEPPERS ft© FIXES 




£89 ; 




IP THE STATE TO POB? DOW GRfiCSUiV; 




£9e ; 










£*H ! t t»t « < 










£92 










£93 


?0*E HERE BECflUSt PWLS5 = 1 </IKT = 8) 






; ALREADY DOE SQL RBI M) HOV R£*R (SRVED T>£ flCOfl) 




£95 








8JLED 15 


696 NORICT 


. DI5 


I 


iHJRH OFF INTERRUPT * " 


fHFF 14FC 


£97 


CHI 


DISFRG 


> D1SR&E THE DISPLAYS 




£98 






;(JUST KEEPS UP THE DEER OF PRCTR 




£99 






>fK> THE FIRING OF 




788 






;Tt£ OESKJTS FOR THE FAULT FFS) 


81F8 34F8 


781 


cai 


TOFFSS 


fTURH OFF SikPPkKS M> SOLENOID 


61F2 B882 


782 


nov 


RB.BftSTR 


iHRKT TO HflKE BflKSTRC7M 


81F4 B888 

w ■ www 


783 


nov 


R&tPFTSK 




81FS FE 


784 


nov 


&R6 


;G£T BPCX flCOJH fK> RETURN 


61F7S3 


785 


RETR 






B1F8 8R46 


786 T0FF5S 


: ORL 


P2.IS0LEN 


.TURN OFF SOLENOID 


CttPfi 3048 


787TOT5T 


: PtL 


P2.IS0LEN 


iKEEP SOLENOID IF USED BV PRINT 


61FC 8R2B 


788 


ORL 


PZtPROGi 


;GET REflDV TO TURN OFF STEPPERS 


WFE 27 


789 


as 


fi 


it TO THE STEPPERS TURNS OFF THEIR POER 


8UT3C 


71B 


novD 


P4.B 




8296 3D 


711 


tOVD 


P5.B 




8281 3E 


712 


novD 


Pfcfl 




8282 3F 


713 


novo 


P7,fl 




9293 B 


7H 


RET 







BAD ORIGINAL jm 



0019515 



ISIS-H ICS-4MP1H1 HRCRO ASSEMBLER, V3 8 
FHE 325X KETER, 4-16-79 



FflGE 14 



loc c« 



LINE 



-US- 



SOURCE STHTFJENT 



716 t 
717; 

_7tB ; 



pw>-THts rn-enmtF K .nigra to nan w»h tf RBCTftQ) 



715 
728 
J2L 



=1 TIE FLOW THRU THIS ROUTINE IS CONTROLLED BY 
THE LSH OF BRKSTR IT IS CflLLED THE CURRENT 
ffl epfrTPP (tti k * Tn nvmn KFYffffl) SWITCH 



722 ; 
723; 
724 ; 



BEING PRESSED . SBOIBES IT CONTRINS INFO BBOUT 
SHITOES THRT KRVE BEEN PRESSED. IF NOTHING 

, r ^ tmn. rrri? sbs* mm™ H1 ««■ 



725 
726 
_2ZL 



CC=14 SRVS KEYBOARD REG FULL 



728 
723 



10 IS IHITED WTH KEVSTfl 



6294 14FC- 
826SB32fl 
E*£Fi 


731KEVBD; 

732 

78 


CflLL 
KOV 


D1SFR6 

RLIREG87 

R,gRl 


; DISABLE FKEGROUtt DURING KEYBOARD 
;IWT Rt TO REG REBB7 


8289 f£ 
628R B92C 

egec 85 


734 
735 
72£ 


nov 

MOV 

cir 


F&R 

re 


;PUCE IN ft 
;1H1 FOR LR7ER 

;FGR LfflFR U5F : - 


8260 FB 
826E7212 
6218 441B 


737 
738 
739 


KOV 
JB3 
MP 


ftP3 
KEV868 


;GET KEV5TB 

;IF7 0RlI^MnqPK5TfmK 


8212 521G 
8214 «M1B 
8216 32ifl 


748 KEYBG8: 
741 

742 KEY881: 


JB2 
Jtf> 

JBL 


uveal 

DISCHR 
KEY882 


; ITS 8 TO Hi NOT SPEC STATUS 


6218 44EF 
821P. 95 


743 

744 KEV882: 


JIP 
CPL 


DISPflL 
F8 


;CC=1Z SEE IF STILL 7*8*5 
;CO!4 SRVE IN F8 



746 
747 



D15CHB IS DISCOVER CHfiRFCTER. n LOOKS FOR R CHflR IN THIS ORDER 
7.8,9.4.5,6.i.2.3,CLRBfiTCH.aCLR KEVBD. THIS IS DONE TO TRY TO 
mit iuc cm FIIKPS tWPl FM UTTH A BlfflT-HRHDB) PERSOM BLH9S- 





749 


iflDDR0FREG89 






758 

751 M<EHR- 


tw 




■PFTPfiW 


821C2E 

e21DSFB7 

CWFF77C 


752 
753 
7S4 


XCH 
NOV 
•TB7 


R.R6 > 
R7,t687H i 
_fW789 1 


R6 HRS REBB7 IN IT 

R7 CRRRIES BCD CHfiR BEING CHECKED 

m* 7 rnv y^tton ***rt> 


e2212E 
6222 IF 


755 
756 

TP 


XCH 
INC 


fi>R6 
-R7 


iELSE LOOK TO SEE IF EIGHT OR NIHI 

;7 CONTAINS THE BCD OF THE CHflR BEING 

ilHECKED — 


6223 1267 
6225 IF 


758 
759 

7C& 


JB8 
INC 
TBI 


FltMO 
R7 

Fimn 


;JK? IF '8' 

■■**> TF '<f . 


6228 2E 

6229 BF84 


761 
762 


XCH 

nov 

. TP4 


P»R6 
R7,*&4 

Fwn 


;L0OK HT 4i5>6#ETC 


822D1F 
622EB267 




764 
765 


INC 
JB5 
INT.. 


R7 • 
FINHO 

xn 




*™> « — 
8231 0267 
6233 BFB1 
°™ ^ 




767 
768 

->™ 


JB6 
KOV 

m 


8 Si c 





BAD ORIGINAL 



isis-n tcs-*E*Pi-4i kg® fssaeuL V3 b 

FHE 92K rCTEF:. 4-W-7S 



Pffix IS 



0019515 



LOG C€J 


LINE SOURCE STATEMENT 






8237 IF 


778 


in; 


R7 






8238 5267 
823ft IF 


771 
772 

773 


JE2 
IIC 

JE3 


nm 

R7 






823D2E 
823E 7292 
8246 2F 


774 

775 . 
776 


XCH 
JB3 


fi*R£ 

FlfBBT 

fLK 


;6ET REGB? TO DEO' CHRP BATCH 
•CLERK BATCH IS DEPRESSED 
;OTO- P.n 'V 


8241 tm 
8243 1267 
8245 2E 


777 
778 
779 


NOV 
JB6 
XCH 


nwo 

ft.R£ ;D«y Cure KEVBOflPD 




824C52E4 
824S B82D 
_ e?4ftFft 


786 
781 
782 


JB2 
NOV 
HPV 


FIOK5 

RMLSTC8? ;H3 KEVBOflRD SR DOWN, SEE IF DflME TO 




B24B92E4 
8240 FF. 


783 
784 
785 


J64 
NOV 


FHCUS ;Jl«> IF VES 
&R3 ; NOTHING IS DEPRESSED 
_iIF OR LESS, HRKF tf=HPL 




624E 6265 
8256 C? 
8251 D25S 


786 
787 
786 


RDO 
NOV 
JB6 


ft#e8£H ;OT>ER WISE LERVE DE 5fi*£ 

apsu 

KEYfr ;J)f> IF RlK Cfippv s 1 




8253 236* 
8255 6363 
8257 3P 


78SCCE16; KOV 
798 YWm: NOV 


R8,#8B3H 


iHAKE C018 
ilHn R8 FOR XCHD 




625S FP 

B25SBS4 

825Bft* 


792 KEYDF: 

793 

794 


NOV 
NOV 
NOV 


Rfc.iKEYSTft 


REPLRCE KEVSTR HITH R3 




825CBB35 
e25E F8 
B25FC66? 


795 
796 
797 


NOV 

rsji 
n 


R6* t^RTSTR 

&m 

MRIHJ2 


IF DOIIB COMSECtrilVE ENVELOPES. 

PRTSTR KILL NO BE ZERO 

J«P IF NOT DOING COfffr FJTiS 


B261 E479 
8263 23F2 
8265 E476 


798 JK> 
795 H3INJ2: (W 
866 J>P 


ftfiIrE2 

mnkviop i 


ELSE JUST GO BRCK TO NRIN 
GET RERDV FOR HRINR 


861 
882 
863 


(FOK> fl NUMBER KEV DEPRESSED, IT'S BCD CODE IS IN R7. IF 

iCOE-9, n STBVS THE S«E VALUE, IF OIB THEN CCr MWaiP 


B267 B6£3 
8265 FP 


864 

885F1NH0: , 
866 1 


;ct=i2 not possible berl m> cc=i4 avoids this code. 

JF6 HAIKJ2 ;IFCC=14H0THINGT0D0 

IW fl,R3 ' * " 


B26R536F 
B26CB3F6 
B26E 9£58 


887 fW. 

888 ADD 

889 JH? 


fitcuwsN 

. fctt^H ;eaH* GF6H = e 
-KEVDF ;JIM> IF NOT = TO fitt 




8276 FF 
8271 B883 
8273 36 


818 nov 

811 F1WQ4: NOV 

812 van 


;CC=i8, SO HrKE CHRR 
RB,tB93H ;R7 HftS IT* GET REflDY FDR XCHD 
ft GR6 




B274 6431 


813 
814 
815 


IMP RKBREG 

CHK789 CHECK IF HAVE 7*8*9. ALREADY HAVE FMIgt T, R7 HR5 B7H IH 


8276 2F. 


816 

817 ; 

818 0*789: ! 


n fdr nm m> rs hrs reb 89 

<CH B.R6 


8277.37 
6278126? 
B27R 3267 


819 CPL 
826 JB8 
821 JR1 


A jFOR ERSE OF TESTING 
FItttO 

nmo 




827C 27 
627D BFe9 
827F B926 


822 CLR 

823 NOV 

824 mv 


R .-displrv HI SEGMENTS. INI RCCUH 
R7,t8B3H ;T0 D1SPLRV BLL CHARS IN 9 CHAR DISP* 
RLM26H ;R7 IS LOOP-CTR. W K PfllWlFR TO 





BAD ORIGINAL Q, 



1SI5-11 ICS-4SAPM1 MACRO ASSBeLER, Y38 
f* 925X METER, 4-46-79 



- PflGE 1£ 



LOT CRT 


UK 


SOURCE STRTBGfi 






825 




:DFraom.75G OOFS FOR 9 CHBR 


C£G1 iu 


826 DISflLP: MOV 


SRi/fl ;PUT OUT CHflR SEQHENTS 


6282 IS 


827 


INC 


Ri 




(OV> FFM 


ton 


PJK7 




Dftf> 




629 






SEE IF fl = 6 CR -d. IF -1 




636 






REflDV TO RETURN, ELSE. MUST DO 




811 






4WtDlSPIflY 




832 


JB7 


DSflLPi 




11987 R9"ffl 


833 




RLI838H 


; REflDV TO DISPLAY ALL SE65 FOR 4CHRR 


8299 ff 84 


834 . 


rav 


R7.t8MH 


tSIflRTS AT 8m HPS 4 CHRRSi 


62E6 87 


83S 


DEC 


A 


; NEEDS -1 TO DISPLAY ALL 


828C 4481 


836 


Jlf> 


DISflLP 








•mv . 




iim - fi = 1? ftf? nr=i? 




838 




;H1LL CLEfiR KB HT EH) OF 7*8*9 


6298 4455 


839 




FIM08 






848 


I 








841 


;FIffiflT-Of£ IERE BECURSE F0W>-CLR BATCH DEPRESSED. 




842 


;1F P.6 BODE »E BRE RERDY 70 BDO OR SUBR FROM DREG. 




8fl 


• r IF HOT P 0 IrtOTffiFffilinOTfWCFPPFflSinHOFafaB^B _ 



844 
845 



TO IK)IOTE IT'S REftlY CLEflR EfiTCH IN EITHER CftSL F8 5RY5 OR KB 
\E6 DEPRESSED HKILE OR B8TCH WH. FB = i IN P. 0. SWS SUBTRACT, 
Pfliwypn cayqnnnrffiRflTffl NO Ffl SRYS DO NOTHING 



847 ; 

8232 85 848 FII68T: OR FB ; 

849 5 


USE FB RS FLflG TO TELL KOHER 
Tft mr> OR K/R FPOH W?EB 


856 ; ' 
851 

852 • 


Rl IS IHITED TO REG89 WHICH IE ICED 
TO REfiD TO SEE CffiNGES IN CLR BRTCH 


8293 7405 853 CflLL EJffiFRG ; 

8295 Fi 854 POBflTL: MOV fc8Ri * 

8296 E69D 855 JF8 FCBftTl 


NEED TO SEE CKRNGES IN KEYBOflRD 

GET NEW COPY OF SHITDES 

IF FA BKFflW SET DON'T DECK 


8298 529C 855 JB2 P08896 ; 
629A 449D 85? W POBffTl ; 
B29C 95 858 P0B8BB- tPL F8 * 


IS CLRKEYBD ~ 1 
NO 

VES> BSKE FB = 1 


829D 7295 859 POBflTl: JH3 POBflTL * 
829F14FC - 868 CflLL D1SFRG i 

coch m m flJ3 ; 


IS CLR BflT RELEASED? . 
,YES, DISR&E FOREGROUND H»IN 

*ccr if p n wnF 1 * 


82R2 37 862 CPL B 

62f£9205 863 JB4 CLRBflT 

fiWF. PfiTft RM WW RB.lfftfiEEfi 


f FOR ERSE OF J)P 
iJH> IF NOT 

■TtiTS TS P n fDD/qR 


8287 74RB 865 DLL FRKBNC 

8289 C8 866 DEC R8 

fv»o "MSB 86Z COI REEBS 


;flDD/SU8 TDREG fH> KBD TO TDRE6 

;R8 POINTS TO TDREGtt), NFWT TDREBC8) 

;TF NOT 7TP0. TDRFfi IS GTE TURN ., 


B2RC C6B8 868 JZ POfiDDl 
62£ 240 869 JHP KBTLG3 

f»» flTflPOffiVM-ITO P8.iEIBe 


;tm,m. OR LESS TOW $8. B 

;TH1S LIGHTS OUT OF FW> CLRS KB" 

iURS rfPV fiF TflTR INTT 


8282 74RB 871 CflLL RRKBNC 
8284 B998 872 HOV RLiBTErP 


;flDD/SUB KEYBOARD TO THRT 

sOm TR (FT RTFtPf = TflTff 


82B8 3478 874 CflLL KOVRBS 
82BR85 S75 CLR FB 

Mt» bma G7C WfJ PR.iKTflPTR 


;+/- KEWORRD 

;N0U NRNT TO HfKE BTRREG(BflftD « 


B2BDB978 877 WW RLtBTDREG 



82EF74R2 



878 
-EZ9. 



CflLL 



HKKra* 

Pl.tRTfPHi 



BAD ORIGINAL 



15IS-1J KS-48AP1H1 HfCRO fiSDRBo Vie 
FK 925X IETER, 4-16-79 



FflGE 17 



0019515 



IOC UJJ 


LM SOURCE STRIDENT 




e?r<B» 


«* «W 


«6.«TFK> 




B2CS 347S 
B2C7 B993 
K*9 74W> 


681 CHI 
882 flOV 

flfp mi . 


rUrXcl 

RLtBTDf- 

COPW. 


iDEQC TfflT BTEJP 1 fH) 2 = 
iDFO: THHT TIP prrcp 


Diss 
B2d> B996 


8B4 an 
865 . ncv 


H/IDDR 
RLIBTDf' 


;IF0.H, HOVE TW: TO DR 
;KWE BTDP TO BTOTfiL 
;Dgf>'5 or Ttf*y ttfrVTc K Xftf RY 


B2D1 347E 
B2D3 44E4 


BB7 
868 
889 


CfiLL 
DP 


MQVRBS 
FHCUC5 


iCrtnOT W ORKVR 

;Jl*P TO CLEfiR KEYBOflRD REG 


821*95 


896 
891 

M?tJKWT- l 


iTHlS IS CODE TO CLFJR BfiTCH REGISTERS (IF F8=i> 
21 E6 iFDP BS CF TEFT 


B2T4 345E 


893 JFe 

894 CRBflTl: CfiLL 

895 KN 


MBIKJ2 
ORKYR 


;JUMP IF FB IK 8 

;OEfiRS REGS fK) MOVES REGS TO TEJPS 


B2DE 3475 
82FB8M? 


89£ «0? 
E97 CftLL 
89» Kfiv 


RLUBKBREG 
MOVRBi 


iTO CLERK BATCH REGS, WILL MOVE 
; CLEARED KB REG TO BflTCH TOTfiL 
rawr 


B2E2 3475 
82E4 345E 
82F6 74CT 


899 CfiLL 
9BBFKIK5: CftLL 
961 fflfl _ 


HOV52D1 
ORKVR 
WISH? 


:OLV ICOFVCFEfCH 
im BE REDUOfWT 


B2E& Fl: 
82E9 9253 
E2EB94BE 


982 NOV 
9K JB4 
96< . CfiLL 


HR3 

one 

DISKED 


;SEE IF P.O. M0OE = i 

ismmisj^ms} registfp ™™ 


82E&4452 


965 
937 


;DlSPflL 


CCE16 S BV 

- DISPUTING fU SEGS. SEE IF STILL 7 4 fi + 9 


B2EF Fl 


968 
969 

918 DISPflL- 1 


iR6 HBS 
10V 


«EG97, Rl HRS PTR TO FEG89 
ft^Rl ;GET REGB9 


B2FB125S 
B2F2 3258 
82F4 2E 


911 JB8 

912 JB1 

913 XCH 


KEVDF 
KEVDF 
&R£ 


; STILL '8' DOW 
i STILL '5' DOW 
iGET REG87 


B2F5F251; 
82F7 44E4 


914 JB7 

915 JK> 

915 ; 


KEVDF 
FNCLK5 


;ST1LL DOW 

;TD DISPUtf REGISTERS * - * 


517 
916 
919 


(THIS IS IN TIE 4TH PfiGE OF PROGRflK fBOH. JMCH STflRTS HTTH THE 
iDCOOE FROK BCD TOTSEGfO/T DISPLftV 


8386 
8388 FC 
8381 68 


926 ORG 
9210HSN: DB 
922 t* 


388H 
8FCH 




■ 8382 DA 
e3B3F2 
8384 66 


923 DB 

924 DB 

925 DB 


BDflH 
8F2H 




em & 

8385 BE 
8387 E8 


926 DB 

927 DB 

928 DB 


836H 
83EH 

CCCtti 




6388 FE 
B389E6 


929 DB 
938 DB 
931 i 


CFEH 
BE6H 




3V : ' ' * **1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -mttttttrm 

933 » 

- 934; CffPBfl-QK>ff£S EIMR fl REGISTER -OR Off NIB8LF BFWFN Tit 



BAD ORIGINAL fl| 



0019515 



I5IS-H ICS-4MPJ-41 KEPO ASSEMBLER, V3 6 ' PAGE 18 

Ff£ 525* METER- 4-16-79 



LCC OBJ LINE SOURCE STATEMENT 

tw o ems, or rs raw kibbles as >«ff if u se pfl ot 

936 ; IF ENTER AT COTBt Fl IS SET. TEUS WHICH TYPE OF FfiULT 

537 ; IF GET NOT COfW£ Fl=l SflYS DOING «BTH COMPARE, = B 







nnttf; htwf omre _ 




539 ; 




1U1 ±i Mii.niiiiiiiii, iilllim + H + t 




94Q *l >M»i«l 








941 » 








342 COrtPEH: CLR 


Fl 






943 CPL 


FA 

rl 




K3C4416 


944 JtP 


vnrww 






945 COHPEN: HOV 




;GET REflDr TO DO NIBBLE 


g&8 R5 


946 Of 10T : CLP 


rx 






ftd? 0 P 


_fcfi 




©12 95 


948 CPL 


FB 


;5mS 70 NOT CKRNGE fa RT EH) 


8212 6419 


949 J)P 


ITUfu 




P715 RS 


QSfl m^ffffl- CLR 








951 CPfiftd: HOV 


R6* §88flH 


;G£T READY TO DO REGISTER 


6S-18 85 


952 CLR 


ca 
ro 


/ jnTj ill nnr\c. iu ruini iv 








6313X3; 


554 CJPBftl : CHI 


REDBHB 




Kir RD 


555 WW 


PS.R 


;Sff£ FIRST RESULT IN R5 


?>ir.47 


.22 3SL_ 


fl 


ePfqi.tc nr rfrd in htth mm rc 








; SHOULD BE 5ML SHflP fitt) XRL 


tZID I*> 


958 XFL 


ft»R5 


;C0SPfiR£ 


P?1E C627 


059 J2 


CMPKB 


.-ERROR IF NOT Jl»P 




958 JOT 


fi,#686H 




rZ22 7*25 


961 JFi 


CHPBfM 




e» 17 


9S2 INC 


ft 


; INCR R IF MWF COfrPfiRF ERROR 


8325 64E1 


963 DPB84: Jtf 


FflULTB 




6227 E19 


964 OPBflS: DJHZ 


R&OPBftt 






QfH JF8 


OPPR2 






966 «QV 


aRi 


;F0=8> CHfiHGE Rl TO REGC8) 


632C53FB 


967 RNL 


fLICLRLSN 






<KR MOV 






B2F FD 


969 0feR2: WOV 


ft,F5 


;GET-LR5T VflLlE INTO fi 


6226 SI 


976 RETR 




* - 



071 : 

972; 
973 i 


fiKBREG— ROUTINE IH1CH ADDS HEH CURR OBR TO KEYBOflRD REGISTER 
pun mm mMPirry: ir nr pcrictb? khii nm tmt _Z 


975; 
976 ; 
«77 : 


DISFtfIVS THE >EH REGISTER DEFENDING UPOH P.O. KODL 
IF NOT P.O. fiLSO GETS NEH COPIES OF TDREG AND TflREG 

ppth PROS BM) DBES llSTHfi fmflT THFH fffiOS ICR RFfi Tft TffiFfi 


978 ; 

979 i 


fM> SUBS KB REG FROH TDREG AD CHECKS THRT TRRE6 ♦ TDREG 

= ft TEMP COPY OF TOTAL BROUGHT OVER BY CHKTOT. THEN D1SPLRVS 

NPU kTWnflEt) BFp pw> ftffW. THHT Hf HP/BSfSSi REG VALUE JSM1I 


931. 
982 

. ogL. 


TOO LARGE 

f THE MOST SIGNIFICflST BIT OF THE KEYBOARD REGISTER (AH) 

rfflfTMtK TO? MIKCT tf fHRRflTim TH TOF KBBOBSD 


984 
985 


; REG + 5. THIS IS FOR EASE OF TESTING. ALSO MUST BE 

; DECIDED »«E TO ADD THE HEN CHARACTER (POSITION i OR B>. 

; 7HT C wrrinFn nw ^ tr Vim . mm K P.fl _ 


936. 

987 
988 


; MODE ♦ FC£HTS*NORIl 



BAD ORIGINAL m 



0019515 



IS1S-I1 HCS-4&V1-41 HFCSO RSSDBLEL V3 8 
FtE 925X fOER. 4-1M9 


PfiGE 19 


Ut IfcJ 


UK SOURCE STRTDBf! 






996 


f 






^ 685* 


991 


;USE5 R6,Ri,R6,R7,R4,R5 

i 

MOV Pfl.tn-prw 


iJHl RB HTTH fM* IF Ol» re r«e 


6333 3458 
6335 1? 
8^RC 




(XI 

INC 

WV 


REDK6 
ft 

M.A 


• GET n 

iifoaon n 

iSflVF IT Flff 1 IHTTP 


633? 3468 
6339 6E69 
633BFE 


937 

993 

999 flKREGl: 


DLL 

nov 
nov 


HRTBHi 

R&W99H 

RiRS 


;U>ITE IT TO BflN 

; USE Rb RS LOOP- COUNTER FOR LEFT 


6I3C 4366 
G33ER& 
673F ft* 


1666 
1681 
IWt? 


DEL 

nov 
iw 


A,IBKBREG 

R6.fi 

W.ft 


; SHIFT Of KEYBOARD REGISTER 

-INI Rf AK» Rl FOR WRITS AN& REfiDB 

sWTTF fiW* 1 CTP TUOu tear, dm* 


8346 C9 
8341 343F 
8343 348? 


* 1683 
1684 
1685 


DEC 

CflLL 

CflLL 


Rl 

REDBH1 ;GET CHRR 
WTBm ;U?1TF IT R5VY 


6345 EE36 
8347 C8 
634SFF 


16&-; 

1887 
188S 


DJNZ 
DEC 

nov 


R£, fKREGl 

RB 

A.R3 


>D0NE VET? 

;T0 OVERCttE fiUTO INCR IH WRTEttl 
iIFP.0 * NnRK 4 /FTFMIC Rfift TO 


6345 F24C 
634BCS 
634C 3485 


1669 JF7 
1816 DEC 
1611 nmv* Ml 


AKREG2 ;KBDREG(i) OTHERWISE KBDREG(B) 
l» . THE HEW CHRP GOES INTO (8> 
slRTTF MITmin» 


1612 
1612 

ieid 


:EEE IF KEVBD REG IS FULL 


634EFC 
834- 7278 
6351 74CC 


1615 
1616 

1617 6KREG4: 


nov 

JE3 
Cffl 


ft,R4 

flKREG? , 
REGREC 


IF LESS THAN 2 C5*X CH3RS> HOT FULL 
JUN? IF BORE THRU 3 CHRR5 
POSSIBLVREMHWI 


8353 FB 
6354 927b 


1816 
1619 
1828 


nov 

JB4 


A.R3 ! 
AKREG5 j 


ALSO COME HERE FROR EK» OF PRINT 
SEE IFP.a MODE - 1 
JUP1FVES 


8356 94D8 
6355 B88B 
635R 74fiB 


1621 CflLL 

1622 nov 

1623 Cffl 


DKTOT j 
RB*t5THR£G i 
ARKBNT i 


GET HEM COPIES OF DF. fW> flR 
FB IS CLERRED BY DKTOT 
ADDKBTOTW 


835C 95 
635D B876 
635^74^ 


1824 
1625 


CPL 

nov 

P¥l 


FB ; 

R&tBTDRtG 

fKKBNT: 


TO DO SUBTRACT " " . 

QBTRflTT Yd FRfH TOP 


©61 6898 
e363 B988 
6365 3475 


1627 . ROV 

1628 KDV 

1629 Cftl 


RB.IBTEMP i 
RLI8TRREG i 
nOVRBl ; 


NOW HL5T CHECK TDREG 4 TRREG 
* COPY OF TOTAL IN ETEK?(BfiK2) 
HOVE TflREG TO TDKBW1) 


8367 B896 
8369 6976 

8368 85 


1838 MOV 

iB3i kov 

1632 OP 


RB.IBTEH? 

RMBTDREG 

FB i 


NRNT TO ADD TDREG f»D TfiRFR OH TOP} 


836C74R2 
836EB998 
6378 746R 


1633 CfiLi 

1634 HOV 

1635 CflLL 


ARRNC ;D0 ADD 
RLttTEBP ;D0 COPARISON 
COMPBM ;F0R MRTH 


6372 948E 
6374 24B6 
6376 445S 


1636 cm 

1637 JtP 

1638 AKREG5: JtP 


DISKBF ; 
KBTLG ; 
KEYDF 


SO DI5PLRV NEK KEVBD REG ON 4CHRR 
JUH? TO SEE IF KEVBORRD TOO LARGE 


1639 
1646 
1641 


(SEE IF KEVBD REG FULL. IF P.O. MODE. NEED TO SEE IF IP TO 
-nflK P.O VALUE, ENCODED IN LSN OF HETYPF 


1642 
1643 
W44 


- IF NOT P. 0. # IF FCENTS=1 OR IF 3 STEPPER JETER 

'THEN HE ARE NOW FULL OTHERWISE IF 99.99 (BITte), IT'S FULL 



BAD ORIGINAL ft 



0019515 



1SIS-II K5-48APIH1 MflCRO flSSE»£R, VI 6 
FrE 925X JETER, 4-16-79 



PflGE 28 



LX CBJ 



LINE 



SOURCE STfTTDCKT 



6378 B817 



1645 AKREG7: HOY 



6J7R FB 
837B 528C 
637D D?E5 



837F FC 
6388 1285 

grape 



0383 F251 
6385 B883 
, R g7Sg 



6389 38 
6386 6451 



1B46 
1647 
1648 



nov 

JB4 



FtR3 
AKREGR 



;IHIT R8 TO GET ttfK P.O VALUE fH) 



;JUrP IFP.Ol MODE 
ijllf IF FfRfTS 



1049 
1858 

J 651 



MOV 

JB8 
JfflL 



RrR4 

AKPEG9 
R,ft?8 



1852 

1653 AKRE69: 
JLS4 



JH7 

nov 
rov 



less 

1856 



XDD 



AKREG4 

RB.I863H 

Hf89EH 

&6R8 

AKREG4 



OR THIS TO HAKE KEYBD REG FUI 
tnnKTnc7FTr?nR4 qmym 



W IF 4 

GET READY TO MAKE LSH OF R3 
= 140 UqTNG XCH) 



6380 DC 
638E 538F 
6396 C685 


1858 


XRL 
AH. 
J? 


R,R4 ;DOX0RWITHCURRKBCC 
dtCLRnSN 

fl^RS iTFRII. JIW> .; • 


8332 6451 


1861 

1652 ; 

1653 ; 


JiP 


AKREG4 iELSE JOT HERE TO EH> 






1664 ; 
IBS ; 
1666 ; 


DONE — 


5/R WICH DOES TIE BD COfPfiRlSOH OF T>E FOREGROLH) 
REGISTERS R4,R5,R6 TO DO T>E DEBOUNCING OF SWITCHES 
cb i n> Ann? dp pfrtttftc hr* rffn st 


1667 ; 

1668 i 
16?9 ; 


IF BY FDBOC ft© THEY ARE REALIGNS). T»E LOGIC FOR 0E BIT 
IS RS FOLLOWS: AN XOR IS DONE BEDEEN THE CURRENT 
VALUF (TO TIF K/P^ TN P4 AND TV IPV VfllUF (ffmFN 


1678 ; 
1671; 
197? i 


FROtt TD. THIS IS DOE BY FDBtX IN R5 IS T>E VRJUE 
OF THIS COffflRISON LfiST TIf£ THE SWITCH HRS DECKED. 
W RFST OF THK K W»f BY THK qyp HOU T>F UST 


1673 j 

1674 j 

1675 s 


OWARISON IN R5 IS COTftiRED WITH THIS THE CttfWlSOH 
IN R& SO IF THERE HRS A CHRHGE NOTICED BOTH TlfES, 
THK IfKT CWPfiKl^lH <AN AK» HILL BE RTftE THIS_. _. 


1676. 
1677 i 
1678 


VfLUE IS HON SflVED IN R5 (FOR LflTER USE BY T1MINT) 
IF IT IS NOHZERQ. ALSO Fl 15 SET TO IfDICRTE THIS. 
NfTU P4 fHP ORPFWT KVP V1FU OF TV? <MTTCH 15 XORFD 


1679, 
1688 

iffiL. 


; IF THE VALUE IN R5 IS NOH ZERO. ANY OF THE SWITCHES 
; WITH HEIR ESUIVALENT BIT IN R5 BEING TRUE HILL BE 
rw*m.nwunRrpvv w; tut hpu iau Tiir 


1682 
1683 
1fl84 


; OflNGE VALIE5 ARE STORED USING 6R8 AND IF Fl WAS 
; SET/ D£ NEW CURRENT VALUES OF THE DEBOUNCED SHITQES 
m qrero Rflnr. wtf* wtpfhwinr pa tn mm 


1685 
1686 


CfiSL THE tEH CURRENT VALUES OF THE DEBOUNCED SWITOES 
; ARE RETIMED IN THE flCOW HITH R8 POINTING TO KEKE 
thcv am n rp crncFn tr mrww Tn w*T ft MNfiF 


1688 
1689 

•HMD 


TO TTESE REGISTERS BY HE DOEX ROUTINES 


6394 FE 


1891 ; 
1832 DOE: MOV 

1(XJ7 MOW 


HR6 ;GET HEW LAST THE CHANGES 
_SEfl*B iSTTCf TT 


6396 C8 

6397 5D 


1894 
1895 
189t 


DEC 
HL 


R8 ;NOH POINTS TO M> CURRENT VALUE 
fLR5 ;D0 fH> BEBEEN THIS THE CHANGES 

r»f> I ficr TUP JWNnK 


6398 85 

6399 C69C 


1897 
1898 


OR 

JZ 
ft* 


Fl 

FHOCHG ; JUF IF AD s 6* NO CHANGES 
« -ncr nwrDcvT n Tn 4 


BAD ORIGINAL M 



0019515 

1S1S-1I HC5-4BW-41 hfCRO fiSSDBlER, V3 V~. Pfi££ 21 

RE 925X HETEL 4-1P-79 



UK OBJ 


LI>£ 


SOKE STRIDENT 




e*r *> 




KN 


R5.R 


iSffiLJ* VfiLUE 1H Iff frn fl W r 


623' DC 

fifi 


1181 
1182 
11R 


XRL 
HOY 


R.R4 
PPft.fi 


;F0R IBID? USE BY TIHIHT 
;DOX0R 

iCmpc ict niPPFHT Vff!f5 


839F 83 


1164 


Rtl 








1lf)P : 












IWKfc-S/R WICK RODS ft REGISTER W R8 TO THE KEYBOflRD REGISTER 

2L3LL 1, 11 SCT8CTS ™E KEYBOflRD REGISTER FROM TIE R8 
— '■ REGISTER flRRHT TUTS 9 9 tuc. n u i H n racni 


- 


1111 








83R2S5 
83H3 97 


• 1113 mm-. 

1114 B33C: 
1115 


MOV 
CPL 
CLR 


RLtBKBREG 

F8 

C 


? WIT Ri TO THE KEVBORRD REG 
;LET F8 = 1 f&H ADD 
fOJERP CflfiRY fin 


83ft< B6fl7 
62ftefl7 


1116 
1117 

1118 flR2: 


JF8 
CPL 

hov 


RR2 
t 

R6.W89H 


J SO IF SUBTRRCTING 
LIHITJJXJP COUfHEP 


83R9 3458 


1119 RRITLP: 

1126 

11* 


COLL 

MOV 

CULL 


R3«fc> *THIS REROS USING THE R8 POIHTER 
»•« ;SBVE TEH? IN R5 

sm jthis berk iking wmph 


83f£ KBR 
83B*R5 


1122 
1123 
1124 


JF6 
CLR 
JHT 


»H» iJUHP IF BODING 
Fl ; SU3TFCT1HQ. SflVE CflRRV 
-M ilFJfi CflRRV, SET Fi 


63E2 B5 
E3B4 37 
ES5 838=1 


1125 

1126 (SB: 
1127 


CPL 
CFL 
RDD 


Fl 

B »GST 9'S COttBENT 

fcteieo iflua* sft< cflRRv 


63E7 76BS 
B3B9 R7 
83BR 4^98 


1128 
1129 

1138 RRfiDO- 


JFl 
CPL 
ORL 


RRHM> J IF CflRRV WS SET. KEEP n 

c 

M898H :«n THAU hfi mi 1 err rcocu «r rcoou 


83BC 7D 
63BD57 


1131 
1132 
1133 


flDDC 
DR 


A>R5 , 

fi 


CUT OF NIB8LE 
►DO ROD 

DO DECMRL ADJUST 


63C8EER? 
83(2 95 


1134 RRTLPi: 

1135 

1136 


CULL 
MHZ 
CPL 


R&flFJTLP i 
FB i 


miE OUT 

DOfE t . 
RESTORE FB 


ESQ © 


1137 

1138 ;****** 


RET 








1139. 










1148 ; 
1141 ; 
1142 ; 


MEHP6-TH1S SA DOVES F HEX TO PORT 6 OF THE DISPLftV 8279 
IT 15 ALSO USED TO SET IP PORT 2 FOR THBT 8279 


83C4 23J=F 


1143;****** 
1144 

1145DSFJ1P6- 


J 

MOV 


(LMINOE 




83CS 9R46 
83C8 8R1B 
83Cfl 3F 


1146 PbMOYD: RN. 

1147 ORL 

1148 KM) 


FfctSOLEN ;1HIS ENTRY POINT ALLOWS RHY 
P2,#PR0G2 ;VflLUE TO BE HOWD TO PORT € 
f*,R 


83C8 83 


1149 

1158 ;****** 


KLT 








1151 ; 










1152 ; 

1153 i 

1154 ;****» 


RHKEO-THIS 5/R SETS IP R TRSX (IN flCCUl) IN BflKSTfl 
MiiiiHi.»>»iM»»>iii»»M»>»»««ii»«»t<«nniiiiiiiiniiiiinii 



BAD ORIGINAL & 



0019515 



IS15-1I HCS-48AF1-41 MflCRO fISSWUER, W.8 " PBGE 22 

F)E 925X JETER, 4-1&-79 



LOC OBJ LIf£ SOURCE STRTBSfT 

1155 ; [ ; 

63CC231S 1156 REGRED: MOV HtSUTSK ; ENTRY FDR REGISTER REQUEST 

83CE B982 1157 BttREQ: MOV RLtOTSTfl ; ENTRY FOR ODD? REQUESTS 



FTC 65 


1159 


STOP 


TOfT 




BM 41 


1159 


ORL 


R>K1 ;GET BflKSTR 


83D2 ftt 


1168 


MOV 


CRLfl ;ST0RE Bfltt 




US 


.5TRT 


T 




BD4 83 


1162 


RET 


















11« ; 










1165 ; 


EHRFRG—&R TO REEHRI T>£ FDREEROH) AFTER USIHG OISFRG 




1166 ; 

11*7 ?«-**** 






JJLIUIIII 




1168 


; 






83D5 65 


1163 EWFRG: STOP ■ 


TCKT 




ff$b B81A 


1178 


MW 


J FOR THHR flttFSS OF IS* 


62D8F6 


1171 


MOV 


R,K8 ;GET REflDY TO REEHSSLE TC'FORECROUf© 


83D5 537F 


1172 " 


«L 


HW7FH »G£T RID OF MSB 




1173 




KFRQt 






1174 :****** 




miMMiiiiiiiiin 






1175 i 










117^ r 


FMTt-MirW TO SFF IF H»F FH1T OP OIITTH HflT 




1177 ; 










1178 










1179 


» 








1188 FRULTC: 






SET IP TO R7' cafiDone) 


6300 92EC 


1181 


JB4 


FRULT1 ; 


JUP IF NOT HOE TO SOFT FAULT 




118? 


nw 




OTf IFPF FOR HflF HUT 




1183 FflULTB: 






IN CflSE POHER LOSS 


E3E12R 


1184 


XCH 


R.R2 


SEE IF POHER LOSS 


82E2 F2EC 


us 


J97 


FW1T1 ; 


HO FHULT IF VK 




1186 


XCH 


fl,R2 ; 


ELSE GO OH W) 00 FAULT STUFF 


82E5 35 


1187 


DIS 


TCHTI i 


COKE HERE IF FHULT 


BE6C6EC 


118? 


J? 


FBULT1 ; 


IF 2ER0 FHULT, DON'T IRITF OUT 


B3E8 B82D 


1189 


HOY 


RB/IBFflULT ~ 




•KEB34€6 


11S8 


cm 






(ftp 


1191 HMT1- 


Cfftl 


TnFF 1 ^ 


TIRHrtTSttFN * - . '•. ... 


©EE 64EE 


1152 




$ 






HS3 ;***«* 










11* ; 










1195; 


lOttSB-PflRT OF I/O ROUTDE, THIS HUTES TO BflH IFF TEST=L 




1156 ; 




ELSE ERROR. IT WRITE TO BBl 1 IF BIT 4 OF DHTfl WORD 




MS7 i 




i«: a . nff rr upttf to mm RflMs firm? urhk n jik*; 




1158; 




TO I0TSK5 MHICH 1HCREJEHTS TtE I/O POINTER. 




1159 ; 

1tttt :**«** 










1281 


i 






83F8F1 


1282 IOKB: 


nov 




;SET UP TO R7F0RG 






IBB 


towri _ , 


- HK> IF TFCT ItPttOi IN TflTQTJ'i = 1 


83B84CE 


1284 


JMP 


I0ERR 


;ELSE JW TO ERROR 


8SF5 FD 


1265 IWBi: MW 


R.R5 


;F±SE GET DBJR HORD 







rai . 


1PTBM 


iWTTF Tfl RfW .... 


83F8 92FD 


1287 


JB4 


10WB2 


;Jllf IF KITE TO BRNJ. OHLV 


83FR C8 


1288 


SEC 


R8 


.ELSE DEC WRITE POINTER 




^m ... 


mi 


1S3BS — 


;fffi IMTF TO ftfm fH) ? 



00195! 



ins-n *••:;-«: vn: m-ifo £5dglef.'v? e " we? 



L« CEO LI»E SOKE STflTEHEKT " " 

tsusz ST""**-^ _ m . m m T£l WJtmm mm: 



1211 

«* 121? Oft Am 
-_.J2H« . ; 



S* SL H K 5 m CJlUQ ^ TOiTfUV SSSve 

14c SWt Fff m . m . f3m THEN ORLL DONE HH1CH DOES TIN* 

1221 :*r*t*T****M4W*r»4*w«L 0 ^i 



ST 2S J iTOFPEr in TfPE. THENEWElOPE 

S££ % fr «<!_. « FIK KBOttllB. IF Fl=i 

25 ^ ?-*" iGe '' ;W * F,PST ^ SWITCHES 

t« £f 1 ^ ? R TO SEE IF CH*6E IK 

Mi« 1237 Jtf DOMES 

JS'*^^ K6f£C " ' HOT M « B OB 

1242 ; FDKK— S/F: F0?iKW£. DEHEKE <I3EY>> 
; " ^ SK1««N3 DEBOUNCING BY DUB A C0KPJP1S0H 

' Kna« w «ebw to ti n expects the 74158 cri> 

JJOi WW* SET IP. fcSG THE 74145S IF HEEttfr n MES 

: ft< ^ * ^ W WT5 M"OEsn« <N<e» fiND Tl) - 

JJ^i IF THE, THE L5B OF K IS SET THEN R4 fBff' Rt Rfi£ Rp 

ME? ft RtTlEN DONE TREE 15 ft EHTRV POINT CfiLLH» 

HH1CH lies R2 RW» HOVK IT TO P5 THEFS IS ftNOTHEP 
12* •• - ENTPV FtHMT IHCH ISS.Y DOES THE RF: OF M flfff> Rf 

^ M il „ 

1253 



W2i lfi 1254 FDBCK1: VC R2 
-£5^ie__1255 m .._R.R2 

M231 ^ ^ R,fi ~;EHTRN" POINT TO LOO. flT NE>TT lN?UT t 

mm 2? ^ 0«cr_aF _fi iff 74158 - 

W25 461? 125? JNTl FDH5 • • . - 

JS S L. ;T0.^INPR0GR»«IN5" — 
-MEL^ 1?« INT M>^UEJWBJOF_Mce)_ 



BAD ORIGINAL ^ 



0019515 



1515-11 tCS-48API-41 WCRO ftSSFJBJER. VI 8 
HE 925X ftETER, 4-18-79 



PflGE 24 



inr OBJ 


L1*E 


SOURCE STR7BCNI 






17fiS 








842E77 
«2F tf 


1266 FDK1: HOV 

1267 RR 

1268 now 


FLR6 
fl 

R6,fi 


;D0 RR OF R4 M> R6 


6438 FC 
8421 77 
*G2 ft 


1269 
1278 
1271 


MOV 

RR 

MOV 


ftR4 
fl 

R4.R 




643 83 


1272 
1273; 
1774 i 


RET 










1275 i 

1276 a 

1^77 


REGDSP— ft BKXGROlK) TflSK W1CH RODS THE REGSH REB fitf> DISPUW5 

THE 9 CHRR D1SP. IF P. 0. BOOL fH> BflTCH COLHT OR BflTCH TUTflL 


1278 
1279 






W54 14FC 


1281 iVSES R5,RLR&R&R7, 
1282 

REBSP: CflLL D1SFRG 


H6 R3 IS IKTTED TO KEVSTR 


6436 B51F 
6438 Fl 
W39 723D 


1284 
1285 


KOV 
HOV 
Jin 


RLtKTFORG 
fLSRl 

RGD66fl. . 


;SEE IF Oti HETER BRSE 

:JIK> IF VE5, Hf« 4 OH? DISP 


6428 9484 
643D B31F 
W3F SE8? 


128? cm 
1288 R6L*9R: HOV 
4289 HOV 


BLXKB 

RBitBlFH 

R6»t899H 


iBUHC 4 DIGIT DISPLAY 

;GET R8 RERDV 70 WORK KITH 9CHRR DI5P 

; <flDDR-l> ttti K RERDV R5 CHflR OR 


6441 BS2E 
6443 Fl 
5slF 


1296 
1292 


HOV 
HOV 

m. 


R»6R1 
ftiteiFH 


;GET REGSH 

;fK> OUT BITS NOT REGISTER 


6446 C675 
8448 fiD 
6443 FB 


1293 
1294 
1295 


JZ 

HOV 

MOV 


RGD5P4 

R5.R 

ft,R3 


;1F ZERO (NO SHITCHES DOW, JUMP 
;EL5E SRVE 1H R5 


644fl927? 
644CFD 


1296 
1297 


JB4 
HOV 


RGDSPP 
R»R5 


;JUf> IF P.O. NODE 

;GET REGSU AND CONVERT TO 



844D BFBB 



1255 
845177 
are IF 



1938 ROME: HOV EZdHL 



1293 RGDBBD: 
1388 



JB8 
RR 

JHL 



RGD57/3 
A 

_EZ 



RlHflBV FfiR 8MR OF REG 



SEE IF THIS 15 REB SELECTED 

NO, SO RR ft 
f*r> inn? CT? 



«<53 844F 
6455 F 



1382 

1383RGD5P3: 

jm 



ROV 

swap 



RGD88D 
fl,R7 

_B 



RH> SEE IF THIS IS REG SELECTED 
GET BIHflRV I 

WIT TO HOI mt AMR OF REG 



«57 fi9 
W58 85 
M'W FR 



845flD25D 
845C 19 
M5D14EF 



645FF9 
8468 538F 
84C? flTFT 



1395RGD5P1: 
1385 



HOV 
CLR 
JUL 



RLR 
F8 

JLB3- 



GET RERDV FOR HRTD5P 
FOR HRTD5P 



1388 
1389 

»i8 Rasa* 



JB6 
INC 
JSLL 



RGD883 
Rl 



JUMP IF FCEHT5 
INCRR1 



1311 
1312 

jail. 



NOW WYE TO DELETE LEADING ZEROS AND PUT IN DECIHRL POINT 



1314 
1315 
_131£. 



iCouNT, m> tea after clearing hsn mro this gives count for 

; CHECKING FOR LEFDING ZEROS. 



1317 
1318 
-1219- 



PHL 
-BDD- 



fcRL 

R,KLRHSN 
RtSFTH — 



BAD ORIGINAL gM 



0019515 



isis-n rcs-4MP]Hi «xo w e 

F)£ rETEL 4-1&-7S 



PBGE 25 



LDC CBJ 



E4f«* fF 



64€5 Fe 
6456 P3B3 



846E»EF£5 
B4F 



W76 EF6F 

W72FG 

K7?fi7 



UHE SOURCE STflTBENT 
JC2B KH E7,R 



1321 RGDR5: rtOY 

1322 XRL 
1V* TH7 



am 

aiZEROSC 



;GO CHRR 
;SEE IF = ZERO 

iJiHpfm mnnp_ 



JOQL 



McS S5 £ La ^CmftFORflOflRIHICHlSHJMC 
S * S ff'" /STORE BfiCK IN SE6 DECODE fiRRRV 
DEC ffi ;TDim- pt ^ ^ 



1327 
1329 

1338 
1321 
J322. 



WHZ R7,RGD085 



WHZ 



J6 

R7,RGD838 



?KW USE THIS TO FIH) lt£R£ 
;T0 AM. DPCIfR PfiT^T 



MOV 



am 
_B 



;WEH DOE, R8 POINTS TO CHRR 
;GET CHRR SEG£NTS 



8474 fig 
6475 23EF 
M77 E476 



W7E 9Mi 
6466 2366 
&4S2S457 



M94B?3fi 
P485 27 

648* fii 

84SSErep 

64SD 83 



1333 
1334 



hOV 

RGDSP4: MOV 
3£L 



a*ttSKT5K 



iGET REflOV FDR «RItf> 



647* S4S4 1336 RGD5PP: C*l BLKKB ;BLflKK 4 CHRR DI5PLBV 

1337 »0V aR5 ;P.O. HOOL IF REGSN = BfiTCH, DO 



1333 
1348 
1341 



JH2 

nov 

hp 



1342 
1343 
1344 



BLKKB: HOV 

ROV 



RGD89E 
ai&BREG 
MP?* 



i JUP IF NOT 
iDISPUtf KEYBOfiRD REG 



RLIB38H 
fi 

K7,»6&4H 



;GET REflW TO CLEflR 4 CHRR DISPlflV 
;GET LOOP CTE RFflw 



1345 RDG&ri* KQV 
134£ ih: 

1347 DJHZ 

1346 



Rl 

R?*RDG8S1 



iZERO TO 4 CHRR D15PLRY = 



RET 



IMS 

1358 




1351, 
1352, 
1353 


; MSKK-5/R miCH DISPLAYS THE KEYBOARD REGISTER IT MUST WORRY 
•' ABOUT SUCH THINGS AS PlflCBOJT OF DECIMflL POIWTS, 
f OISPIWIIG fi SERIPft Elt TT W15 


1354 . 
1355, 
1^. 


' WIDSP W1TE DISPLAY) WICH IS ft S/R WHICH READS fi REGISTER 
•> «W> POINTED TO W Rl AH) KITES TO Rftt POINTED TO BY R6 
i EfeLSfflSJJOH^ CDSPL STOCTTC fim e? ifptk; tut | "fiF fffipc ' 


1357, 
1358, 
1359 


TO BEHOVED. THE CHARACTERS PLACED IN ROM ARE FIRST CONVERTED 
t TO 7 SEBEHT CODE FOR THE 9 CHRR DISPflLV, HENCE THIS ROUTINE 
RET CaPlfiQIT THEM BODING BFCIffiL POINT ttERE APPRO?. 


1368 , 
12£1 , 





1362 



848EB9SB 
6490 85 
9491 95 
6492 BEW 
6494 B82F 
649SFB 



13S2 
1354 
1355 



D1SKBR: HOV 
OR 
CPl 



l&tBKBREG 

F8 

F8 



jPUT IN Rl THE flDDR OF THE KEYED REG 
iHRKE FM FOR LATER 



13« NOV K,#B94H JlHIIOFCWCTR " 
1367 HOV R8.W2FH iRB PTS TO BEGINHINS OF 4 CHRR DlSREG(-l) 
"OV ;L00K AT WCIH-R TO READ FROH KBRFGfB) 



1369 • ;0R KBREG(l) 

8497 D293 1376 JK DSKBRB i IF JUMP. FROH (B> 

-SSSiS 5371 IHC Rl ; IT^S /FCENTS. REAP FROM 



849ft 14EF 1372 DSKBRB: CALL WTDSP 

1373 

1374 



(1> 



iHOVE FROM KEVBD REG TO 4 CHAR DISPREG 

< RETURNS KITH RB PTING TO USD OF 

;4 DIGIT DTSPLRV 



BAD ORIGINAL 



0019515 



1515-11 HCS-48API-41 IKXO ASSEMBLER* VI 8 
FIE 925X METER, 4-16-7S 



PfiGE 26 



LOC OBJ 


LIKE 


SOURCE STRTDtKI 




845CFB 


1375 


rav 


B.R3 


. SEE IT FCENT5 MODE 


84S0 D2R1 


3376 


JB6 


D5KBR1 


;JUf> IF VES 


M9F 85 


1377 


cut 


FB 


;F0R LATER TEST 


B4R8 C8 


1378 


DEC 


RB 


:IHh id nn ik hi wi itoieti . 


Muie 


1379DSKBR1: INC 




: H)D DEC PT TO CORRECT CHRR 


WR2 95 


1388 


CPL 


F8 


j FOR ERSE OF TESTING 


Wflg B6RD 


m 


JF8 


tttSRF 


:TF FOOTS KOT JtH> 


«fS FB 


1382 


NOV 


fLR3 


;SEE IF .eeDISPLfW 


M% B2fi9 


1383 


JE5 


DSKBRS 


;JIM> 1F.63DISPLRV 


Mffi 83 


1384 


RET 






8<fl9B838 


1385 D5KBRS: HN 


R&M3BH 


;IT'SFCEHTS».BB 


94flB B892 


1386 


NOV 


JRfcfSERlPH 


;S0 DISPLW SERIPH 



,.iw iwf- PFT 



1388 ;* 

1389 ; 
1398 J 



im<ar*-«gT tr rn mmtf . whctf ufx hrvf rfcftvfj> ft 



1391 ; 
1392 ; 



DflTR HORD FROM THE UPI. STORE' IT IN R5. OEDC THHI R4 
IS NOT ERROR CORfN). THEN JUtt? TO PROPER ROUTINE 





U3i I 

1394 ;***•* 










1395 


i 






WfiE tt> 


139S 10TSK3: NOV 


R5ft 


fSTQRF DflTR IHR5 


e4flF74C4 


1397 


cm 


DSENP6 


. TURN OFF EHR10 


6461 FC 


1398 


MOV 


R,R4 


;SEE IF ERROR CUWtt) 


fH32F2D9 


1399 


JB7 


ITSX3J 


' i,W IF VES 


«B4 52D2 


1468 


JB2 


10WBJ 


;ELSE JUK? IF 10HRB 


8486 32BE 


1481 


JB1 


I0TSK6 


;0R Jl*P TO IOfiKB 


•0488 Bg37 


148? 


MOV 


RL1ICPTF 


TT'S 1DRPTR 


84BR FD 


1483 


MOV 


B.R5 


;6ET DflTR HORD 


e4B8fll 


1494 


MOV 


CRlbfl 


; KITE HEM POINTER 


j*4WF40) 


I4ffi 


JMP 


imc? 




WEE FD 


1486 10TSK6: MOV 


(LR5 


;IT'S10flKB, SEE IF t OR CLEAR 


84BF83F6 


1487 


add 


R,t8F6H 




MM C6D6 


4488 


JZ 


1PN31 


: IF 7FR0. TT'S ELFJR KEYEOflRD 


eo07 


1487 


DEC 


R 




WC4 9CC8 


1418 


JNZ 


10RBK2 


; IF JUMP SHOULD BE # , 




M> 


rBBBTI 


■ a or n'cno» RflTPH 


84C8C7 


1412 I0RBK2: KOV 


R.PSH 


;5EE IF LEORL OffiR 


84C9 D2CE 


1413 


JB6 


IOERR 


;IF flLK CRRRY, NOT LEGfL CHRR 


MTR FD 


1414 


HOY 


P»R5 


:P<T m TO ff» TO KEYBOARD 




1415; 


JH? 


nwcH 


;ONLV NEED WITH KLUDGE I/O 


WCC 4471 


1416 


JMP 


nmoi 


;ELSL GO TO F1NN01 




4617 inm- 


WW 


. F4,ttC8H 


;JUK K PTB HM) fH> flg BflfTB : 


e4D6E498 


1418 1TSKU: JtP 


IOTSKB 


; BET COPY OF TEST SIGNflL 


84K E91F 


1419 IOHRBJ: MOV 


RLIR7F0RG 


W&4€4F8 






_IOHRB 




64D6 44E4 


1421 lOftSL: JH> 


FRCLK5 





1422; 
.1471 . 



1424 ; 
1425; 
1426 f 



OSCTOT— 57R WICH CHECKS THTT DREG ♦ REG = TOTfL IT CHECKS THRT 
THE THO COPIES OF EflCH ARE =» THEN MOVES DREG TO TDREGU2. 



1427 ; 
1428; 
1423 ; 



THEN IT ADDS TDREGL AND BTEHP1 (COPY OF 
ffiE6) TO BTQP1 AND COHPffiES BTEM? WICH HflS R 
fflPV ^ TnTOt T" DQ,r> lmK n rfw HP TflTH TN RTFH? , 



BAD ORIGINAL 0} 



1434 OKTOT: MW 



84DE 347E 
WEPK26 
E4E2 7415 
64E4 

B4E6 347E 
84FF- B91ft 
B4ER7415 
B4ECB8E* 
B4EE 347E 
84FBB89B 
84F2 3475 
B4F4 BS78 



84F6 B896 

84F8S5 

84F974R2 



B4FB B9S6 
WFD746F5 
84 r F B96s 



85ei Esse. 

■8583 3478 
C565 83 



85B6FE 
85B7 

6569 4238 

85B6fl8 

B9K433C 



856E R9 
858F FC 
8518 29 



8511 fC 

8512 FD 

8513 21 



8514 ff> 

8515 FB 

-8516 83 




1437 
1438 
1439 
1448 
1441 
JkiSZ 
1443 
1444 
1445 
1446 
1447 
1448 



1449 
145B 
1451 



OU 
KN 
OU 

nov 
ou 

on 

HOT/ 

ou 
ou 



OK 
OU 



RLIETOTflL 

R8.IFTEHF 
KMX8 

COMPfifi 
f&IBTOREG 
KMBE 
R8,#BTDf> 
MOVRBi 
RLtBTDREG 



1452 
1453 
1454 



RB,fBTBF 
F8 



MOV 

OU 

rtDV 



14S 
1456 
145? 
1458 
1459 
1466 



RLtFTDP 

COPBK 

RL*8r>REG 



iREflDV TO ADD TDREG ft£> TARES IHTO 
;BTBP 



1461 
1462 
1463 
1464 
1465 
1466 
1467 
1468 
1469 



«0Y R&tBT7l£ 
OU I10VRB5 
KET 

'MMlOMiMMMMMI 



fSEE IF ERR TO COPY OF TOTAL 

;H0VE Tg FTO WBff ffK Tn TTFJP ItTflTiiwc: 



SIEPTKOO 




1476 
1471 
1472 



03- AiSIEPIN 
HOV RB.fi 



1473 
1474 
1475 



MOV RLfi 
MOV &R4 



iFORH fiDDR FOR STEPINCX) 
;CET flDOR FDR SITPTirm 



nov 

XCH 



1476 
1477 
1478 



R4,fl 
fLR5 



iET R4 RERDY FOR XCH 



;COfFLETE XCHG 



1479 
1488 
14&1 



HOV 



R5.R 
R.P3 



iGET IS Bfltt IN TIE HCOJH 



1482; 
1483 



J MHTHWTItiF W Tf H IHTT1H T7FS STFPFfPS. PKmn* ^ , Wffl F 
THE BAN. HO (SERRLLY CONTROLS THE PRINT CYCLE. 
ITUSB R3 TO STORE THE PRT5TR (PRINTER SIHTUS>-«flCH 



BAD ORIGINAL 



0019515 



1SIS-II RS-48APM1 HRCRO flSSEWLER. VI 8 PRGE 28 

Fit S2SC METER. 4-16-79 



LOC OBJ LItC SOUSE STRIDOR 

1485 ! n STORES IH W STEPINOO, LSN * FINAL CODE <FROtt KEVH) mi 

1486 ; K5H = CURRENT CDrtfM) TO STEPPER 00 

1487 ; n STORES IN 15 STEPTKOO* LSN HRS NEXT POSITION EXPECTED, 
14» : fH> WW ItFO SK1IT IF Ml* PfCTTIrtJTNft. 5TFPPTNR Ol W 

. 1489 i CCW ft* HW ftW TIfES TRIED TO POSITION M> IF EXPECTING 
1498 i ft 1/2 STEP VERIFY (-1) 
1491 s 

1493 ; 

1494 ; 


e517 FB 1495 PRINT: NOV &R3 ; 
8518 929E 1496 JB4 PTSQX ; 
p"r<P 1497 mi fl.«*H ! 


SET UP TO HY5TR 

IF P.O. KOOL SOFT FflULT 

rm FYPm> nil 


851CRB 1498 tm Wfcfl 
851D14FC 1499 CRLL DISFRG 
DHFeeS 1568 KN R8.IFRT5TR ; 


STORE IN KEVSTR 
GET PRTSTB 


8521 BS38 1581 NOV RL.W38H ;HRNT TO SEE IF CUT CF MONEY 
8523 Fl 1582 MOV fi-ERL 

VOt <97R ^•m JRB PRTFW ;J1IP IF w; 


852tB91F 1584 NOV RLIR7F0RG i 

8528 F8 15e5 NOV A KM 

852? B3 1586 HOV R3.R : 


FOR POSSIBLE USE IN PRINT1 

IHTO R ... .. 


852RD2B7 1587 JB6 PRINT1 ; 

1568 • 
e52CFB 1589 «DV R.R2 : 


IF DONE POSITIONING. PONT NEED TO 
BRING IH STEPIN(X) Ht> STEPTKOO 
HIST MflKE SURF HfTT HUTCH OR VCTF 


852D37 1518 CPL fl ; 
(52E 3234 1511 JBi PRINT3 ; 

nan 151? nov R,m 


URKEUP 
JUP IF HOT 

FOR FBULTC 


852137 1513 CPL B 
eS2 64D0 1514 JMP FftULTC 
STOMAS 1«5H?IMn- Ml XCHRPT 


.FOR ERSE OF NEXT TEST 

;JUHP TO SEE HONE FBULT OR CLUTCH HRLT 

:RR1NG IH ^TFPIHfX> TO R4 BHD 5IFPIK 


1516 

8536 B274 1517 . JB5 PTSX2 
frannM* 1MB JB4 PT5W 


;<X> TO R5 

;D0 JUTS TO RPPROPRJHTE PT5KS 


1519 i 
1528 ; 

1W1 ! 


THIS IS BEGINNING OF PRINT NHEN JUST GET STRTE OF NEH PRINT TASK 


1522 i 
1523PTSKB: 

trfiH 78H 1534 1 


jTURH OFF KEVBD PM> 1/0 STUFF 
W fl.MWKM :TM<; «WK 1 ttK ttt V RT PRINTER 


852C74CE 1525 CRLL BfiKREB 
853EB82E 1526 MOV R8.tRE6Stt 

MLiC CO AVT7 MfTV ft.CM 


8541 53C8 1528 (H. fcttCftH 
. 1529 

153B SEE B 


;GET PRTSTR INITLED WITH TflP/ENV 
;RHD REPERT 

:EFPFBT K BTT T fitf) FNV IS BIT 7 


1531 

8544 48 1532 ORL R.R3 


.THUS TAPE IS NOT BIT 2 
iSflVE INITING BIT IF EXISTS 

sfMRHRF TO P91MTO TPQf i 


8547 fl6 . 1534 
1535 


HOV R2.R 

rBTOX CTTC TM^n MtmiM fg *1HH*UC CTBCTO ; 


1537 

8548 34D1 1538 PTSK1: 
f>4R FR . 1533 


cm 90 

ww o-g? ?TF TF WfF WITH PU fflF — 



BAD ORIGINAL Oj 



0019515 



I5J5-H r&wm-n nod assbbler, b e 

FIE 925X ICIER. 4-18-79 



PAGE 29 



LDC DSJ 


LlfE SOURCE STflTFJOfl 






154? m .,_ 


A 




B54C1254 
B54£ 3254 


1541 JB8 

1542 JB1 


PRTFA6 
PRTFBB 
fi.r< 


J NO 
;N0 

iVFS. m to next tra- 


6551 6316 
655? flF 


1544 RDD 

1545 MOV 
154C 


ft» t818H 
RXfi 




154/ iPRTFft 15 THE DO OF TRSXS 6 TWU 3 

1548 ilTWESTKXOfcOFMftoKfK, STEPINCX) W> STEPTXtt) 

1545 'GETS THE NEXT TTFPPp ihto »tcto 


6554 B48c 
e555 3266 


1556 ; 

1551 PRTFB8: CHI 

1552 m _ 


XCHAPT 
PRTFffi 


iflJSl SEE IF DOING IRCT ^^cf msT 


6558 17 
e559BE35 


1553 

1554 PRTFA5: INC 

1555 PRTFR7- KW 


A 

RB.IPRTSTB 


ilKRUSI STEPPER TO 6 
;R3 IS IN A 


ess 08 

655CF2C8 
655 E479 


1556 PRTFAB: K3V 

1557 JB? 
1556 PCTFflfi- J» 


6R8.A 
PRTFA6 

miHR2 


» STORE PRT5TA BACK 
;JUP IF INITING 


65$ 1264 
6562 0458 
6564 51* 


1559 PRTFFB: JB8 
1568 JH? 
15£i PPTFM- pw 


PRTFA4 
PRTFffi 

nigra 


f TO START fiffliw WITH 7Fm CTFPPcp 


K66 W59 
6556 37 
e5f?P25E 


1562 JH? 
156? PRTFftS: CPL 
1564 JBt. 


PRTFR7 
A 

PRTFftfl 


;F0R ERSE OF TESTING 
;JUH? IF HOT DOfF 5TFPPING 


656E34F8 
656D BP 
655E 44E4 


1565 PRTFXX: CALL 

1566 MOV 

1567 JN? 


TOFFSS 
6R8. A 
FH&K5 


. DONE INITING. TURN OFF STEPPERS 
;»£• SOLEHCRETS WITH B IN A), HflKE PRTSTR = 6 
ifiOTOj CLEAR HYBOFfiD (PU) wvwi urn ni i •» 


6576 23% 
6572 E476 


1568 PRTFXY: HOV 
1565 JHP 
1576 ;PTSKB8: 


A.M9CH ;TURH OFF ALL PRINTER BITS. SINCE OUT OF MOO 
URINE 

-M Ht884H sP.O. HODt fifO TRYING TO PCTWT 


15/1; JH? FRULT6 ; ERROR 
1572 j 

— *?73 HHISIS CONTINUATION BF FltDlHR PBPTWT pncmnu ' . 




tew ;CR POSITIONING. IF TASK 2, • - 
1575 ilTLOOKS FOR A VALID VERIFY CODE BO ACCEPTS THAT R5 PRESENT 
^ ?P05TTIW IF dwt ntr. .BKT iwtthuf^ to Tpy IT TUSK It 


6574 M39 


1577 ;Rtt CflH'T POSITION, FAULT. IHESS IHITING, fH> TO RETRYS. 

1578 ; 

CflLL VER rTHic t,™ «* 




1588 
1581 
159? 




'"TIMER URKEUP BIT AND RESTARTS 
JPRIHTER TIJER COUNTER bk> 
?aEOS POSITION fttfi <FT<; BTTC 


657(6688 
8578 FD 


1583 

1584 JFB 

1585 tmv . 


PI5X28 
A.R5 


;IN STEPTK ACCORDING TO TABLE EELOH 
;JUtt? IF FOUND NEXT POSITION 
fELSE SFF IF 2W) Tiff TPV 


6579 D29B 
857B 4346 
657l> tr* 


1586 JB6 

1587 ORL 

1588 Hnv 


PTSK32 

A-tSTPTRY 

R5.A 


iJUHP IF YES 
' .ELSE WRKE 2ND THE TRY = 1 
;PUT bo: IN RS 


657EB454 
6588 FB 
6581 92A? 


1589 JfP 
1596 PTSX28: HOV 
1591 JB4 


PRTFBB 

A.R3 

PTSKS 


J GO TO EM) OF POSITIONING 
;SEE IF PTRSK 2 OR 3 
.JUTPIFl 


8563 37 
6584 1254 
6586 3254 


1592 PTSK29: CPL 

1593 JBB 

i5?4 jbi „ 


A 

PRTFAB 
PRTFAP 


;SEE IF LAST STEPPER 
J GO TO PRINT TIN IF NOT 



BAD ORIGINAL 



0019515 



ISIS-Il HCS-48APJ-41 MfiCRO RSSEJBJR, VI 6 



PKE 38 



FK 925X METER, 4-18-79 


LOC OBJ 


IDE SOURCE STHTDOfT 








1595 i 










15% i 
1597 i 
1598 


THIS U5T STEPPR IS POSITION ARE TTE (TOOS? 
F0L1CMING IS DECODE OF BITS 567 OF STEPTX 
7fS fiFTOTPTHW 


1599 i 

1688 

1681 


888 JUST DONE NSTEP* OR HOT POSITIONING, OR JUST STARTING 

681 K»E WTH fi FILL STEP 

818 DOING M) Tift TRY FOR FILL PO5ITI0N 


ill 

1 


611 VOtE POSITIONING ~ 
188 DOING HflLF STEP 
; 181 NOSHING 


1666 

1687 


\ U8 NO SWING 
; 111 NOfEflNING 


8588 ESSE 
e58fl EEC 
658C Fl 


1688 mov 

1689 mov 
1618 PT5K2L: MOV 


RLtSTPTX2 J 
R6,#883H j 

*,m 


INIT TO STEPTX 42 
OLV HRVE TO DECK 3 
ffT PT9CTK00 


658D37 
85SEB254 


1611 
1612 
1613 


CPL 
JB5 


fl J 

PRTFR6 

PRTFflB 


FOR EASE OF TESTING 
NT HFT IF NOT MWF 


85?2 C9 
6593 EE8C 
?5?5 B496 


1614 PTC2L1: DEC 

1615 DJKZ 

1616 Cflfl 


Rl 

R&PTSK2L i 
XDWT 


-ELSE DEOBGfT POINTER 
;K*E ALL? 

fYFSr *TF IF IHITTNfir OP Hflffl TMC 


8557 92B1 
85?? C4R? 


161? 
1618 
1619 


JB4 
JtP 


PTSGfi 
PT5K2P 


>TR9& MUSTCLDHP 
pTASK2> JUP 


8596 FB 


1628 
1621 

1622 PTSK32: 


iTHIS IS PRINTER TRSK 3 
MOV AtR3 


COOL MOST OF IT IS IN COfWN WITH TftSK 2 
;OT1DNT POSITION, 


659CF2R8 
659E 64EC 
85?SE437 


1623 JB7 

1624 PTSK3X: JK> 

1625 PTSK33: JK> 


PT9Q3 
FflULTl 


;JUP IF INITING 
; ELSE SOFT FflLLT 

im mm IHITIN5 » 



1626 ;HOV R»tCHGDIR ; TIRED 2 THES fltt> COULDN'T 

1627 ;XRL R-R5 ;STEP ERCK fH> RETRY 

1628 iHW R5>B ;1H1S SMITHS DIRCCTIOH 



1629 .CULL 
1638 ;CfiLL 



HSTEP 
N5TEP 



;I5TEP RETURNS KITH R5 IN 8 





1<T»1 -.YP\ R.KHG&IR 


rCMTTTH fiRf* TO WIRIM MB . . - 




1632 ;HOV R5>R 








1633 ;PTSK3K: 


DLL 


SHD ;SEH> OUT HEM CfttttD 




1FM i.T!P PRTFflP 






85R2FD 


1635 PTS38: NOV 


R.R5 


; POSITIONED, ARE HE TO FlNftL POSIT 


85P3 37 


1636 CPL 


fl 


;FOR ERSE OF TESTING BIT 5 t 6 


P*W TPffl 




PT*»TW 






1638 JB5 


PT9Q9 


j JUMP IF NO 


85R8FB 


1639 NOV 


R.R3 


;CET RERDV FOR PTSK29 




1MB VP 


PT t 3C?9 




6588 0474 


1641 PTSK39: CHI 


HSTEP 


iVO, GET NEXT COW© 


85fiD 3401 


1642 CflLL 


SH> 


jSEHO OUT NEH CBUflND 






PRTFRfL 




65S1 27 


1644 PTSK3R: OR 


fl 


j SINCE TO FINHL POSITION 


85B2 3A 


1645 OUTL 


P2.R 


; TURN ON SOLENOID 


tfm 7«r 


itt< Ml 


mmc 


:T>RIK fIT WTIP fM» TIJCT UflKHP 


B5B5C4DR 


1647 IIP 


PTK2B0 


iJOT 



1648 
164" 



tc arm? wicrriiimtK. wy < ip s. ftpct rune tort m TlMFR 



BAD ORIGINAL $ 



I51E-II HCS-4BAT1-41 MACRO BSSDBJR, V3 8 
FIE 925X METER, 4-if>79 



PAGE 31 



LDC DSJ LIKE SOURCE STRIDENT 



1658 


iHW (IF YES, Hffif ftTWH HRPPfN WITHIN BB MTK ntfftH IW> 


1£51 
1£52 
ien 


5 IS ft FRLTX HEN DECK NOT TAPE OR ENV MAKEUP (JUST THOSE S18RS 
: GOING HfN, NO PROBLEM). THEN TURN OFF PHOa BIT. SEE IF HOME - 1 
;IF HOT. SFF TF aiffCH TF VPS, gTRPT tiicp m, RntBH m t«i H 


1654 
1655 
l£5f. 


iiF hot clutch, if not trsk s, just return to main, else buck to homl 
►update batch stuff fw> count m» end print cycle no return to mm 

•V Hft?5 milH, TW OFF Tff STEPPFPC. fltf) HF» Tff PMHTO TTKT> 


1657 
i£58 
1655 


f UPDATE DP FM- flR fH) CHECK RESULTS OF MOVES. fH) CHflNGE TO TRSK 5 AM) 
; RETURN TO NUN 


6587 FB 1668 PRIHT1: MOV H.R2 
B5B8B2EC 1661 JB5 OFflUL 


;C£TR2 

-JUMP IF TIMER MAKEUP 
:JIK> TF TflPF DP FMV UqfTlP 


e5K53H> 1663 «t RiHPHOCL 
85BE 65 1664 STOP TCHT 
eSEFftt 1665 MOV R2.fi 


;TURH OFF PHOCL BIT 
-HHILE CHANGING R2 


BC8 55 1666 STRT T 

85C1F1 1667 MOV A8R1 >SET UP TO R7FGRG 
166? JP4 PT9C41 ;JtW> JFIFFTHnsP 


85C4B2E8 166S JB5 PT5K4T ; JUMP IF CLUTCH 
85C6 FB 1676 MOV fl,R3 ; SEE IF TASK 4 OR 5 
gC7 93? 1£7J JE1. . PRINT* iRFTIRN TO HATH TF Ttt* 4 


e5C9 E47S 1672 PRINT?: JR? HRIfK2 ;IT'5 TASK 4 
B5CBB2CF 1673 PRIHT8: JB5 PR1NT9 ; IF TRSK 7» DOKT TURN UFF STEPPERS 
. e50/34Fe 1674 CR1 TBTSS ; SINCE ANOTHER EHV COKTHft 


e5CF C41F 1675 PRINTS: . 
1676 
1677 


JH? PTSK51. ; GO TO END OF PRINT 


1678 

1679 : 
1688 


HAVE ENV/TAPE MAKEUP, IF HEW EWELOPL GO TO TRSK 6 (IF NOH TRSK 4> 
OR TRSK 7 (IF NOH TASK 5), ODER BSE JUST TAPE OR ENV GOING (UN, 
TURN OF UFKEUP AND GO BACK TO MAIN 


1681 

KM B92E 1682 PT5K4E: 1 
«5B Fi 1683 1 


«v rlwegsk" 

10V A«l .-GET TAPE fltf) FKV 


B5D4 D2DB 1684 JB6 FT5K4F ;IT'S ENVELOPE. JUMP 

65D6 23BF 1685 PTSK4H: MOV fcWFTBEN ;T0 TURN OF TflPE/EHV HRKEUP * ' " 

e3*E47b 1S8F. JK> amir 


B5DB F6 168? PT5K4F: MOV R,8RB 
B5DB 432B 1688 ORL a«828H 
«S»f» 1689 MOV m,n 


(SET UP TO PRTSTA 

? CHflNGE TO TRSK 6 OR 7 

EflJJLBBCK INTO PRTSTA 


85DER4D6 1696 
1691 
169? 


Jtt? PTSK4H 

;FOL«T< atfTCH. IF DR WIT RPFflW iKWTm cptdo- -^7! 


1693 
1694 

• B5EB FB 1695 PT5K4T: 1 


> START TIMER FOR 1ST 112 
10V RR3 


RSECS 

;SEE IF ALREADY GOT HOE 


B5E1 925E 1696 JB4 PRTFfifl 
B5E3 53FC 1697 fH. ft«FCH 
B5E5RB 1698 MOV PPR.fi 


iJUKP IFVES 

(CLEAR OUT TWO STEPPER BITS FOR 224 MSEC TIMER 
'STORE INTO PRTSTA 


• 85E6 23FF 1£99 MOV a#8FFH 
B5E8 34AC 1788 CALL T0PT1C 
85ERR4FE 1781 31f> P^Vi? 


•GIVE 188 RSECS FDR HOME 
; CHANGE PRCTR 



B5EC FB 1782 CHFAUL: MOV RR3 ;SEE IF 1ST TIME THROUGH (1ST 112 MS) 
88E012F4 1783 JB8 HFHULT ; JUMP IF THRU 2K> 
SSLM 12fiJ INT Wfl tBSE 1NCRTRTSTR 



BAD ORIGINAL 




1S1S-1I rCS-48/UPMi ftSSORJER VI 8 
FtE 925X JETER, 4-19-79 


- PflGE 32 


LDC OBJ 


LIfC 


SOURCE STATEMENT 






8S*23FF 


47CK 






F fMl CTRRT J» 412 USEE URIT 


05F2 A4F9 
85F4 2382 
PfiF£ 64F1 


1786 » 

1787 IFHULT: HEW 

470B J?9 


PTSX4P 
fl>«e82H 
FRLT8 


iTHIS IS NO HOME FBULT 




1789 
1718 


,TH15 IS CODE FOR MHEN LEFT HOC OR GOT CLUTCH — 

:ip n«TE PR M> DR . THEN GO TOTRSK 5 OR 7 _ 


85F8 27 


1712 i 

1713 PTSK41: OR 
474^ PTordP* rn l 


A 

TtPTIC 


;THK DFJRS PRCff M> MR STRT T 


85FB F8 
85FC 925E 


1715 
1716 

174.7FTQ:42 


MOV 
JB4 

Zl 


R.R3 
PRTFflR 
JBl BJ2 


; ALREADY MHE TR5K 4? 
iJUWP IF YES 

; ilFPflF""^- *™ < ™> . 


85FE D433 


1718; 
1713 

1728 


JB7 
Cftl 

_JJ£H 


$ 

HVTDDR 
_R1rt8THRg 


; MOVE HEM OR TO DR FROM TDR 


P»« B9S8 
6682 8318 
6684 247E 


1721 
1722 
__iZ2 


MOV 

cm 


R8/3BRREG 
M0VRB8 


;H0VE HEN BR TO BR FROM TRR 




1724 
1725 
1726 


;N0U UPDflTE COUNT, BOTCH COUNT 
;RHD BOTCH TOTAL 


8586 85 

8587 8838 
8S8? 74fi8 


1727 
1728 
1729 


OR 
MOV 
CflLL 


FB 

Rfctsarn. 


; HOW FDD KB TO BATCH COUNT 


866BB9B3 
8S9DB848 


1738 
1731 
1732 


NOV 

nov 


RLI8R67H0 
R6.i88fCT 


iTHIS REGISTER HPS 1B88 IN IT FOR 
; (DOING L688 TO BOTCH COUNT 


868F 74R2 

OM4 PQQ7 


1733' 

1734 

1735 


CflLL 
MOV 
. HW 


fiRRHC 

RLtBRGOtE 

Pfi.ttCOUKT 


;TH1S REGISTER HPS OHLV 1 IN IT 

iTH ]c tc ftm Tf TVF COUNT REGISTER 


6515 7482 
B£17 B"5B 


1736 
1737 
1738 


CflLL 
MOV 

nov 


flRRHC 

RLiBBflTL 

Rft.iEEflTL 


; 
j 


COPV BOTH THE BOTCH REGISTERS AND THE 

ftllff RFG15TER TO BAH 2 


«33 era 

861B 3478 
win rdnfl 


1739 
1748 
Mi 


CflLL 
JMP 


nOVRBS 
PTK28D 




WRITE TO BOTH BflftS 
CHRNGE TO TftSK-5 (OR 7) 




1742 
1743 

At A A 


;THE END OF THE PRINTER TASK, ITS CLEflRS PRSTR IF HOT DOING 
iCONSECUTIYE EHVS. CHECKS IF HRNE 


861F FB 


JLUCt , , ■ i 

1745 PTSK51:; 

1746 MOV 

«"7/T» IK 


nov Re 

&R3 


,tPRT51 


m 

CHECK TRPE flHD REPEHT 

1? axw. tf pnttirs mar owe — 


8622 B898 

8624 522D 


1748 
1749 
175B 


nov 

JB2 

JTfi 


§R8»i886H 

PTSKS 

PTSKS_ 




;N0, CLEAR PRTSTR 
; IT'S ENVELOPE. JUMP 

;TT^TRPrPM>H-l4Hr. JUMP _ . 


8628 44E4 


1751 

1752 
4"7*r> ore 


JK? 


FHCLK5 
P.1A4TH 




iTHIS CLEflRS KEVBD REG AND REMITS 
iTDREG PH> THREE 

,irm> TfiPF*W- PFPFHT Btft TBqf 4 


ft£9ft Si&r. 
862C ftB 
862D B834 


1754 WW 

1755 PT9C55: MOV 
*-tk£ urn 


£R8>fl 
RB.tKEYSTft 
A.flM 


; STORE IN PRTSTR 

;HEED TO F IX UP R3 HUH KEVSTR 


ftfi?FF8 

86^8 re 

86X1 6451 


1757 
1758 
1759 !« 


NOV 
JMP 


R3.fl 
AKREG4 




ttmm .» miimim 



BAD ORIGINAL 



JZEL 



8625 B88B 
K37 247E 



1761 
1762 
ITS 



RE0MOV-5/R RHICH MOV COfTOfT5 OF TEMP DREE TO PERWHlf 
DREG (BOTH AS) 



17« 
1765 

1766 H/IWff- 



Ri.tgniprr. 



1767 
1768 
1765 
177e 
1771 
JZZ2. 



MOV 
Jff- 



RfctBDREG 

HOVRBB 



VEP-THK S/PfiTK-nr ucyipy pyy tp nr «? 1F y 



1773 
1774 
JLZ7£ 



1776 
1777 
JZZ8 



CODE MATCHES THE f£XT POSITION, THEN IT L00K5 TO SEE 
IF THE VERIFY CODE HATCHES THE FINRL CODE. IK EITHER 
PEE- IF TTS F8 TO in vr r*n m m m 



THE VERIFY HBTCHED. IF THE STEPPER IS POSITIOO TO 
THE FlHflL CODE. THEN THE DONE BIT IS SET ft5 IELL 



6539 85 


1788 

1781 VER: 


i 

CLP 


FB 




853R 34AR 


1782 
1783 

ATM 
2. (OH 


CflLL 


TOPTI 


;(5TEPTK(X)) fitt VERIFY 
iTHIS TURKS OF TTE T1«R TftSK BIT 
RESTARTS T>E PRINTER TTfPP 


863C74C4 
8S3EFB 
653? 5383 


1785 
1786 
1787 


CHLL 
MOV 

m. 


DSENP6 

R.R3 

fl.#883H 


;PUTS PORT 2 IH TIC RlfflT STATE 
-'SET UP VERIFY flDDft 
;0K_Y HRNT SlfcPHfcROO INFTi 


6641 E7 

6642 E7 
6543 BF18 


1788 
1789 
1798 


RL 
RL 
MOV 


fl 
fl 

R?»*818H 


;Cl£fg> R7 EERf STnPF VER Pte 


6S45 3C 
6646 68 


1791 

1792 VERLP: 
1793 


nm 

MOV 


P4,fi 

R&R 


;U5E DE OE BIT TO TELL «W DOE 
;SEK> OUT flDDR TO VRDR 
;SWE IN R6 


6547 364ft 
6649 IF 
654ft FF 


1794 
1795 

1796 YFRf 


JT8 
INC 

rev 


VERl 

R7 

R.R7 


# JltF IF GET 6 BRCK (INVERTED OUTPUT) 

> ** 

;MRI fFR? 


6S4BF253 
B64D E7 

^b4E flF 


1797 
1798 
1799 


JB7 

RL 

MOV 


VER2 
ft 

R?,fl 


;tK£S5D0H£ 


654F F8 
665817 
6651 C445 


1888 
* 1881 
1882 


MOV 
INC 
JK? 


ft-RB 
B 

VERLP 


; GET BRCK POINTER 

;incr n 


6653 FD 
8654 F26F 
8656DF 


1883 VER2: 

1884 

1885 


MUV 

JB7 
XRL 


A.R5 
VERB 
R.R7 


.-SEE IF LOOKING FOR -1 VERIFY 
iJMP IF YES 
;NO,CpyflRE NEXT POSITION 


8657 538P 


1866 
1887 
1BBR 


KL 
R 


fUCLRNSN - 
VFJS 


;WTH VERIFV POSniON 

.-JUMP IF HUTCH 


8E5B83 
865CFD 
: 65»«»WF 


1889 

181BVER5: 
1R11 


Rtl 
MOV 
Hi 


R.R5 


iELSE RET 

.-STEP DONE. SET BIT 
tBFTFR DFBgTNR TUfl hf*g Bypj 


865F4328 
6561 fiD 


.1812 
1813 


ORL 
MOV 
CPI 


R.ISTPD0H 
R5.B- 
_FJ 


iFDun) fl with 



BAD ORIGINAL 



0019515 

1SIS-II MflCRO ASSEMBLER, V3 5 - PflGE 34 

R€ 525X IETER, 4-1&-79 



IOC OBJ 


LINE 


SOJRCE STBTBEHT 




ten fc 


1815 


nov 




fSEE IF FINAL PKlTIfW = VF* KCTT 


8664 DF 


1816 




&R7 




663 538F 


1817 


ffL 


fHORHSN 






1Wft 




WW 




83 


1819 


RET 


; RETURN IH NOT DttE POSITI0HIH5 


956ft FD 


1828 VER3: KOV 


fLR5 j 


GET REfiDY TO SET D0f£ POSITIONING 






Oft 






356D flD 


1822 


•nov 


R5*ft 




&S6E 63 


1823 


RET 








1824 VC>8- flq 


«.««»FP 


Cliff? TWO MF Bm 


8671 fD 


1825 


HW 


" R5,fi 




8£72 55 


1826 


CPL 


F8 ;DOE POSITIONING 1/2 STEP 


#77 ft? 


1877 


PFT 




fPPfPARm 




1828 , 










1829 i 










1838 


WSTFP-THIS <Z¥Ktm)F CHflNGF^ 7>T OFPPCP'c; TMCTPimnw 




1831 t 




TO DO TIE NEXT STEP. IT BUST TBKE WTO ACCOUNT T>£ 




1832) 




DIRECTION TO CHflHGE HE STEPPER INST (HSN STEPIN(X». 




1823 




T*N IT SEES IF Tff 1 fCT TT»F n*WF UK Fflp A \n 




1834 , 




POSITION IF YES, IT CHRNGES THRT. IF NO, IT HUST INC 




1835, 




OR DECK "BE JEXT POSITION (LSH OF STEPTKOO). 




1836 










1837 t 






1838 










1839HSTEP- CLR 


FB 


NOT INTTIHS 


6675 FD 


1848 H5TEPI: ttOV 


fLR5 j 


FIRST GET DIRECTION 


B£?6 529D 


1841 


JB4 


HSTEP8 


JUP IF INCREftSE 




184? 


MOV 


R,M 


DFCRFffF. win on ft ». if w=i 


6679 92R5 


1843 


JB4 


NSTEP9 


MUST JUP 


6678 5^6 


1844 


M. 


fLIOJdSN 




ftT7t\ 77 

~«fU f r 


IMS 


RR 


ft 


FLSF ROTflTF R1GKT 


667E flF 


1846 NSIEP8: MOV 


R7,ft 


SRVE INR7 


857F FC 


i8<7 mm : mv 


flR4 


NOW PUT r£W (MM) EftCX TO R4 




1848 






•ts» ntrr ira 


6682 4F 


1849 


ORL 


fl»R7 


tOR IN THE NEW OOtflfN) 


ftC 


isse 


nov 


R4,fi 


rPUT BRCX 




1f51 


JFfl 




;.H*» IF TKTTTHG 


FD 


1852 


nov 


fLR5 


f GET .R5 TO CHECK ON UJST TWE -1 


8687 539F 


1853 


in. 


fttrTOEP 


rTUW OFF STEP flW) DQtt. POSIT BITS 




i§y 






rHflS FyPFtTFD. Jl»> IF 


4388 


1835 


on 


fitSTPm 


?ELSE HflKE TT£ FEXTPOSITION -1 


G£8D RD 


1856 NSTEP2: HOV 


R5,ft * 


; STORE BfiCK IN R5 


ftW>F ftt 






iftND PPHEN 




1858 










1859 


;NEED TO INCR OR DECK fEXT POSITIONS 




18ffl. 


; OP KT IF ffi5M>=fl> 






1861 








e£3F9296 


18S2 HSTEP3: JB4 


HSTEP5 


?B4=1 SRVS INCREASE 


WW A7 


1RM 


NT 


ft 




6552 537F 


1864 N5IEP6: FtL 


fciNSTPKi 


;NQH«flKE®(Tra£-l = e 


8694 C48D 


1865 


jnp 


NSTEP2 




ftW 17 


ifttt MCTPPS- THT 


n 




8697 C492 


1867 


JHP 


HS7EP6 




66??BFie 


1868 N5IEP7: WOV 


R7,t8ieH 


iFOR RL WITH MSB = i 


ff«RT47F 


1Rfi<> 


IMP 


HSTFP1 





BAD ORIGINAL ^ 



0019515 



1S1S-JJ KS-46API-41 HFERO RSSDBLER, V3 8 
FJE S25X KIEL 4-18-73 



PfiGE 35 



LOC 06J 
B6SPFC 



6£S£ F29? 
8SR8 53F6 



eSFC C47E 
e».% EF88 



LIKE 



SOURCE STHTBEHT 



1678 IKTEP8- W W R,Rd 



1871 
1872 
1873- 



JB7 
fK. 



HSTEP7 
fcl&RLSN 
_E 



.THIS TS FDR TtTPCPqr 



1874 

1875 NSTEP?: 
18?f- 



MOV 



iJU* IF RL GOES TD LSB 
;TH£Prag renew 



HSTEP6 
R7,tB8BH 



;FOR RR HITH LSB - 1 



1877 
1878 



1888 
1881 
JSS5L 



PTSK2P-PflgT OF PRIHT mmtF 



18E5 
1884 



;»WST GET KEVBGRRD REG IHTO FJHRL POSITIOHOO R£> SET UP DIRECTION 
;W1CH DEPENDS ON DIFFERENCE BETWEEN FINft. (K> PRESENT POSinON 



6bR? BFB4 


1886 PTSK2P: 


KOV 


R7,t6&4H 


;GET RERDV TO MOVE KEYED REG TO 




1887 




iSTEPIN(X) 


1888 


KOV 








1889 


MUV 




fXt it rtfcfllb OK HOT 


essr FB 


1896 


men 


&GR8 


B5B8 D2B!< 


1891 


JBS 




■ nM ir crcirrc 
>JICT* lr rLtfllS 


96B215 


1892 


IK 


Rl 


• CUL nuv rlUAi hOKcull/ 


66E3 BS38 


1893 PTK2&4: 


mov 


R8,#5TEPIN 


B5E5 343F 


1894 PTSK25 : 


CfiLL 


Rem 




6557 38 


1895 


XCH) 


R,«?e 


?«3VE KEYBD(X) TO STEPINCY) 


B5B8 IB 


18% 


in: 


R8 


eSP? EFB5 


1897 




R7,PTSK25 






1898 


MOV 


R3,#BB4H 


;VE5, NOW PICK m OR DEC 




1899 






;NOTE USING E3(RLL OTHER REGS 




1988 






;EUSV), WILL RFECTflELISH AT 


86BD B4& 


1581 PT5K26: Cftl 


XCHRPT 


iGET SIEPIH(X) RHD STEPTK(X) 


8bBFFT> 


1982 


HOV 


fcR5 


J GET STEPTK(X) 




1933 




fl#CU&5N 


f - PRE5EHT <STEFTKCX» * . 


6SC2 fiE 


1584 


MOV 


R6*R j 


iSRVE TBPORflRILV IN R6 » - - 


6&3FC 


1985 


MOV 


flR4 


?6ET STEPINCX) 


e5C4 536F 


199c. 


m. 


mclrmsn 




96C6 37 


1987 


CPL 


A 




66C7 6E 


1988 


fDD 


&RS 


THIS IS OmEMEHT OF RESULT 


esca F2tt 


1589 


JB7 


PTK28B 


SO IF MP, RESULT (+) FEED TO INC 


66CRFE 


1518 


huv 


ft»Rb i 


GET STEPTK(X) KITH KSH = 8 


6KBC4D3 


1911 


JFP 


PTK281 


*CD37 




« 


SEE IFNOCHRNGF (RKITmoi = R) 


65CEC6W 


1913 


JZ 


FTK282 


fJW IF NO CHRHGE 


80)8 Ft 


1514 


HOV 


flRb 


.THIS IS INCRERSE 




1515 






?RG IS SIEPTKX) KITH MSN = e 


66D1 4319 


1516 


GftL 


fc#810H 


> SO INCRERSE 


ft) 


1517PTK281: 


HOV 


R5,R 


fFVT STEFTK IN R5 FOR NSTEP 


KM 


1518 PTK?e?* ran 


XCHRPT 


'RESTORE 5TEPINCX) AM) STFPTm> 


BSD* IB 


1515 


INC 


R3 


;INCR POINTER 


86D? F6 


1526 


MOV 


HR3 


►SEE IF DONE VET 


«PP5?PP , 


1521 


JB2 


PT92G 


;JUfl> IF NOT 


eSDfi B835 


19522 P7K28D: MOV 


RB/tPRTSTR 


;RESTRBLISH PRTSTR IN R 


06DCF8 


1523 


HOV 


am 


►FOR PRTFFB 




1924 


ADD 


flttlBH iGOES TO TR5K 3- s&. 



0019515 

1S1S-II HCS-48/UPM1 ffiCRO ASSEWLER, « 8 \. PAGE 36 

R£ 925X IC7ER, 4-10-79 



LOC CBJ LINE SOURCE STATEMENT 

egy mse 1225 2ffL__EEfB ;ffft JWf 

1926 



1927 ; 

1928 i 




1529 ; 
1938 i 
1«31 i 


IHIT — THIS IS IHITlflLIZBTION FDR Tit FRIDEN ELftlKONIC POSTJL 
ww. niCRg cdde_ it iHiis vhfihis w-nibing^ 


1532 i 
1933 , 
1534 , 


TURNS OFF DISPLAY ft© STEPPERS. IT STfiRTS T>€ TIHER AH) WAITS 
168 KSEC FOR SVSCLR TO 60 ftWi TO* STARTS DISPLAY T)€H 
AFTER F0REGR0UM) HRS HADE "MS PASSES TO IPDHTF VflRIOUS 


1935 . 
1536 , 
1937 


; REGISTERS- T>£ FOREGROUND IS TUBED OFF* RK) T*E BflH IS 
; CHECK OUT. TVEH IT IS CHECK TO SEE IF TIE fETER IS 

fTwRRffrnRwrrr tf m a wr. u»4vhk apt stepped 


1938 
1539 
1948 


; TO NHE (WITH NO VERIFY, HIT FINISHING HITH ft KNOW COfflAH)) 
; THEN RETIRED TO ZERO UNDER NORMAL PROGRAM CONTROL FINALLY/ 

w mqpiRv k firaiH «™«n) cdntrol — 


1541 
1342 
1943 


GOES TO T>£ MAIN BfiCKGROUK) LOOP AH) WRITS FOR A TASK. 


1544 





1545 * 

1<MK .-H1K gRTWI MR fF THTT1H I7fmCH CODE 

1547 ; 





1948 INIT: 


MOW 


R, tSGLEN ; FIRST TURN OFF SOLENOID 




1949 


OUT. 


P?.B 




KE<5 27 


1558 


cut 


R ;N0U CLERR OUT ALL Rffl 


6SE5 B83F 


1951 


NOV 








1PS> THIT1- 


nw 






B5EE E8E7 


1553 


WHZ 


R&INITl 


; FIRST FIX IP FOREGROUW) REGISTERS 


6SEAD5 


1554 


9EL 


RBI 




1955 


MOV 


W.fWAEC ; 


INT PfS? CftLS Tn TtfTFRRlFT RfUTIffS _ . 


KED E82fl 


1956 


MOV 


R0,tREGG7 ; 


INI FOR START OF DISPLAY £ DEBOUNCING 


KEF ERRB 


1557 


NOV 


R2,*888H i 


INI CHARACTER POINTER TO NOT DISPLAY 


^1C5 


4958 


SO. 




m TP BANK 6 REGISTERS . 


KF2BS36 


1959 


HOV 


RLtPRCTR i 


GET flDOR OF PRCTR TO INITIALIZE IT 


6?4 BIFF 


1568 


MOV 


W1.IWIN0NE 






•f**:i 


«™ 


ft. 1TTMTWT 


TO MttPfWrrc f» flPPROK 




1562 






108 M1LLISECS OF URIT INTIL STRRT TO 




1963 






ACCESS Bflfc 8243S. ETC 




1964 


HW* 


T.fl : 


HflVF -1 TO nm COUNTER — 


KF9 25 


1965 


EN 


TCHTI i 


lEHRBLE THE TIMER IHTERRUPT TO STRRT 


1566 

1QS7 






(HE FAULT FF ONESHOTS < TO COUNT DOW 








! ppm> gn thrt imtt ppniiTTHr rm mu 




1568 






;THRT SVSCLR IS GONE (HOPEFULLY) 


6£Ffl 55 


1369 


STRT 


T 


; STRRT THE TIBER 


197f» 






:*¥F HTN 7FRO WRi PRCTR IS COKED MM 


8SFB FB 


1571 wan: 


ROV 


flR2 t 


;GET NEW COPY OF BflKSTR 


BSFC C6FB 


1972 


J2 


WRIT 


;UO FOREGRQUD COUNTS DOW 


4<J7» 






;ppm> tt uni h rtt im rhcth = 


8SFE 85 


1574 


EN 


I - 


iEMRELE THE P0HERLOS5 INTERRUPT - • 




1575 


- i 








197K 


m 


M.«yaiT 


; QT TF KTre FHI TFD 


e?ei 343C 


1977 


cm 


REDBffi 


.IF NOT ZERO, BULL SHOULDN'T EVEN 


0783 €5 
*™ QCM 


1378 


STOP 


TCNT 


1979. 


TH7 


t 


,Vf WSntHMR. T1ICT CTTTP UITH TCMT DEF : 



&AD ORIGINAL. M 



ISIS-U teS-48AFl-«i tfCSD RSSBRD.. W 6 
RE 925X JETER. 4-1MS 



PflGE V 



0019515 



i nr f*>i 


1 TUC 


SOURCE STRIDENT 




07B£ 55 


1988 


-5TKL 


T i 


FFP1T KFc; TOT 


C7Qf7 «y jqt 

bAJf r4tfe 
07K ftC 

- BTffl 74ff 


4 MM 

1551 
1582 


CALL 

tw 
ran 


COfCTN ;Ri P0IHTS TO BMflKPQ, SEE IF BOTH = 
R4,R /GETTING METWE RERDV 
CflPRM iffTTTNG inVFC RTTC 


D/BC to 
078D C68D 
07^ 55 


1584 
1525 

15Sf ' 


STOP 

JZ 

SIFT 


TD/T ;MAKE SURE HOT ZERO 

i ;JtK> IF YES 

T 


true fXKU 

6712 31 
£712 8917 


198i 
ISSf- 
1589 


m 

XD£> 
HOY 


RL#894H ; 

*>m 

RLtHETWE 


GET READY TO MOVE BHrWO TO LSN 


C*1D ru 
071£ 5348 


1591 


M3Y 
RNL 
HOV 


8fci.fi ;ST0RE INTO fETTYPE 

fc#846H ;N0M GET FCENTS 

Rl- tPEGP* ; FTPST TOPF INTO RFRC* 


671ft ftl 
071B 438A 
071D0934 


1553 
1554 
1595 


nov 
ofi 
nov 


0RLR 

R.#863H ;0R WITH NO KEY PU9ED 
Ri.tKEYSTfi 


071F ftl 


15% 
1957 
1??? 


WOV 0RLA ; STORE IH KEYSTA 

;N0K DECK Efl« CONTENTS FOR EQUAL CONTENTS IN EftCH REGISTER 


0728 345E 


1559 


call 


asm ; 


DECKS THRT TOO COPIES OF DR 
ARE m COPIES OF RREG'fM) 
TOTAL RRF 1 TKFHT5F a. TftFN KfWP; 


2682 ; 

2683 ; 

26^ ; 


Dfitb TO 7DRE6* fiREG TO TflREG 
TOTAL TO IBP At£> BECKS TOT TDREG 
+ TfiREG = COPY OF TOTAL 


0722 R9AB 
6724 EE8D 
072*7418 


2865 

<wy.r 

2937 


MOY 

nov 

CALL 


RLttRGTHO ; 
R&ft880H ; 
OFLOT ; 


SEE IF COUHT IKCR REGISTERS ARE OK 
DECK fSORE THAK ft REGISTERS WORTH 
RETURNS WITH 8 IF NO ERROR 


0728 ftp. 

0729 B£3t 
072B BFF 


26& 
288? 
2818 


MOV 

nov 
nov 


RLft i 
R6,tPRCTR ; 
0RM8FFH 


CLEAR OUT R2 

NCW LET FOREGROUND RUN FOR 188 KSECS 


072D74D5 
872F FA 


2811 
2812 

2813 MAIT1: 


CfiLL 

mov 


ENRFRG i 
flR2 ; 


ENABLE TO ffcLOW SETTING OF REGSW 
RfOP.O. .K30L NORH, ETC * • 
WIT FOR FOREGROHD TO HAKB NOW ZERO 


8738 27 
0721 B22F 
8733 14FC 


2814 
2815 
281f. 


CPL 
JE5 
RU 


ft 

HAITI 

D15FR6 


FOR EflSE OF TESTING IF 188 MSEC 
HRSCOPEIP (8 PASSES OF F0REM» 
im OFF DISPLAY WHTLF MING IFXT 


0735 BR16 
0737 B81F 
0739 FB 


2817 m 

2818 IHITPK: MOV 

2819 MOV 


R2,tSHTSK 
R6,#R7F0RG 

&m 


CLEAR TItER BIT fK> LEAVE REGTSK 
SEE IF CONfECTEP TO R JETER BASE 


073A 723E 
073C 44E4 


2828 
2821 
2822 


JB3 
Jtf> 


INITPX 
FHCLK5 


;JIK> IF YES 

THIS DOES CLEAR KBREG fH) 
;G0ES TO miH 


073E 923E 
0748 B248 
0742 B935 


2823 INITPX; JB4 

2824 JE5 

2825 tW 


* 
t 

RLiPPTSTR 


r IF NOT AT HOtE* JUST STOP 
fIF CLUTCH PEHHNS. JUST STOP 
J GET READY TO INTT PRINTER STHT 


0744 B1B8 
8746 BC89 

0748 eees 


2826 
2827 
2828 


tw 

nov 
nov 


8RLt888H 

R4,te85H 

K3,#B88H 


;THIS TELLS PRINTER ROUTINE INITING 
jGET RERDY TO STEP PRINTER TO 9 BY 
;F0RCL HILL SEND 38 INCR 5TFP5 


074ft ED18 
074C34W 
074MS 


2825 MOV 
2838 INITP8: CAL1 
2831 IK 


R5,t8ieH 

SW> 
RJ 


?SDD STEP COWH) AH> RESTART TDER 
; INCREJENT T>E 5TFPPFR POINTFR 


874FFB 
8758 37 " 
075J 12?C 


,2832 
2033 
2634 


nov 

CPL 


R,R3 
R 

IHITP? 


;SEE IF HAVE DBE 4 

;F0R EASE OF TESTING BAD ORIGINAL ^ 



0019515 



1SIS-I1 K5-4MFI-41 HflCRO HSSEWLER, V3.8 
925X IETER> 4-16-79 



PflGE 38 



LOC OBJ 



W7g325C 



8755 37 

8756 F261 
fl75B 65 
8759 95 
975R D475 
P75C FR 



LINE 



SOKE STflTDEKT 



-TM 1HITP2 



2836 
2017 
J82L 



CPL 
JB7 
_£LB_ 



ft 

IHITPF 



. SEE IF HRVE SENT 32 COWHS 



875D E2C 
675F E45C 
6761 B837 



8763 FC 



6764 BF68 
6766 18 



8767 RB 
9768 EF66 



2639 
2648 

*M1 HOTP2 



CPL 
CRLL 



FB 

H5IEPI 



2642 
2643 

26*4 IHITPF 



JB5 
SI? 
WW 



iHiTPe 

1NI7P2 
gfl.tSIEPIH-4 



2645 
2646 

2648 
2849 

1HIT4: 



KOV R.R4 



THIS IS FOR USE BY HSTEPI 

GET NEXT COmrW 

BFT ITPV (T R2 TO «3T TF 



HflS TMEDOUT 
ELSE LOOP 
INI THE 



mw m -nr STEPPERS 



rev 



K7#f883H 
J8 



INI R9 TO STEPIH(8) 
THIS SERVES TO INI BOTH 



;1HI fl LOOP COMTEK 



2E51 
2852 



NOV §R8,fi ;HOVE THE COTifH) TO STEPINGO fiHD STEPTK(X) 

0JH2 R7.IHIT4 ;IT1SB2SH 

ww ^.MFTVP f =HMT TO TF TF 7 OR 4 STEEEEEJBB 



676CF1 
876D F274 


2854 
2855 


nov 

JB7 
OR 


R.8R1 
IN1TF 
n 


;JUtf> IF 4 

:ng met ore pppgwT fl«> niH pikttiqh — 


(J7ff 27 
87?8 R8 
8771 883B 


m 

225? 
2858 
2859 


KOV 
HOV 

ROV 


6RB>fl 

RB.tSTEPlN+3 

aoa.a 


6773 R8 

07*74 AAZ.A 

off 4 *Htfc*» 


2868 1HITF : 

2861 

2862 




FNOJS 


iCLEfiS KEVBCflRD f» DISPLBVS fH> 
;G0E5 TO iHIN 


8776 65 

8777 58 

8778 8F. 


2863 MRIrtf: 
2854 


STOP 


TCNT 
R,R2 


;ST0P TCHT WILE CHRNG1H5 BRKSTB 

;fi HRS IfflSK IN IT TO DROP fl BRK5TR Bn 

;ff rr par m bbstr 


677? 74D5 
8778 8834 


2856 HRIK2: CfiLL 

2857 MOV 
'xtro KfiV 


ENRFR6 

RB.«KEV5TR 

R.HM 


;C€T KEYSTA TO R3 IN CflSE KEVBO 

;m?RgE&SP _ 


077D F8 
877E RB 


28r? 


MOV 


RXfl 






2878 


-7UTC 


ic w t*QTN Mttternffi inrP tytru f^CTXTtiPt: UHTtH RflCK 




__2EZ1 

2872 


;GR0l» TftSK SHOULD BE JlfPED TO If fW. 




2873 

**74 H31H- 


BPV 


H.R2 


ifiFT mi n»V t* »«^TB 


8788 F2S8 
0782 9232 


2e?5 
2876 


JB7 
JB4 


$ 

REGDSJ 
WfiTH? 


mfrtt urn- HnCTvro. T/n . 


tt7M 

8786 5294 
8788 7298 


__2EZ 

2878 
2879 

2880 mm 


JB2 
JB3 
ft! 


IORTSK 
KEVEOJ 
A.W62H 


:IS0LHTE THF PRINTER TBSKS 


878ft 5362 
878C C67F 
878E 8417 


2881 
2882 

nam vruDTk 


JZ 
JMP 
t- no 


MAIN 
PRINT 
KFVB& 




8798 4434 
8792 8434 


2884 8EGD5J: W 


REGDSP 






28S5 J**** 












2837 ; 
28S8 ; 
mm = 


IORTSK— THE ROUTINE WHICH SERVICES I/O REQUESTS. THE IETER IS THt 
BftSTER IH CONTROLLING R I/O TRflNSFERS TO AND FROH THE 
W rvrtPT war jn: ipt to i c mr wrm? qW^HIUGJS-IO ^ 



BAD ORIGINAL fig 



LDC OEJ 



LINE 



SOURCE STATEMENT 



2fi?i ; 
2B92 ; 



2694 ; 

2855 ; 
289f.; 



THEN TKI IORTSK ROUTIC REHS UPI STRTUS ft£> SQK fi C0t«O 
TO LOAD M IFI'S DBB. TKZ IORTSK AGAIN READS THE STflHSufriL 



2B97 ; 
2B?3 ; 
_2899 ; 



DOING WIT IS HECESSflRY fK» TJEH READING STATUS AGAIN, EITHER 
TIE DfiTfl M0RI> IS REK», OR IT 15 SEW) TO TIE UPI IF IT WS A 
PflTR WRPTQTtf 1EJER, Ttf fFTFTf K jaBEOE fr TO DO tfflTFvn? 



2188 ; 
2181 ; 
218?.- 



15 NECESSARY WITH TIE tOKH) AND DATA THE COttlRNDS WICK 
THE IETER 15 ABLE TO 00 ARE- 8-ILLEGS.. i-oPV DfiTft WORD TO 
. ICPTE. 2-BDf, QflP TO ffVRT. PFf, q pj^py jp rjQTUlL, 



3— READ BAM USING THE I0FTR (AND THEK IHCR THE IOPTR), 

4- JRITE BAH USING THE IOPTR (A*. THEN IHCR THE IOPTR) 




8757 fiC 
8798 85 


2118 

2111 10TSK8 


HOV 

: CLR 


R4,ft 
F8 


>ULtfK 1Mb UHcEHT ufflfw REGISTER 
i FB=1 SRV? ffmyf t TP | PRBJK REflD DBB 




6799 55 
879P. P53? 


2112 

2113 I07SK1: 
2114 


: 5TRT 
H0V 


T 

RL f IOPTR 


;HRS BEEN SENT " 
;FOR LATER USE * 




879C Fl 
8790 AS 


2115 
211£ 


Kfi 
NOV 


(L8R1 

Re,R 






87SE A3 


2117 


nov 


RLfi 


; FDR Tt-E REflD M> KITE Bfla 1GT5KS 




879F65 
67A8 2389 
B7R2 74C6 


2118 
2119 
2128 


SlOP 

HOV 

CHI 


TCKT 
• R.KNRIO 
P6H0VD 


;T0 KEEP FOREG FROrt OflHGIHG K 

iTHlS Wli FIX-IP PORT 6 OF Iff blSPW 

;BPS TP DffiLE TIE I/O 




87A4 8R38 
87A5 8981 
87R8 88 


2121 ORL 

2122 I0T5KS: ORL 

2123 IIK 


*** 


/THIS TURKS OFF Bftt DfiBLES TO BUSS 
•RERDV TO REF© IPI SIHTU5 
;RTO STATUS 




87R? 3299 
87A5 529? 
87A*>B5 


2124 
2125 
2126 


JBl 
JB2 
CLR 


I0T5K1 
I0TSK1 
Fl 


;EK> IF INPUT BUFFER FILL 
;E» IF UPI BUSV 




87RE 7261 
67B8 65 
87B1 12M 


2127 
2128 

22M0TSKP- 


JB3 
CFt 

-JB8 _ 


IOTSKB 
Fl 

IOTSWv 


;FM SRVS DffTfi IS CCfUKG (VS COtmO) 
... ?JUyTOinT«a!l)TFIinPllTBiiTcpp M 




67B3 B5BE- 
8765 4338 
87B7 91 


2138 
2131 
2132 


JF8 
ORL 
MOVX 


I0T9X 

A,#838H 

PRl.fi 


JJW IF-flLREftW SENT COW TO UPI 

'•SEK> BflCX IPl STRT ORED HITH 838H 

;SPO COHW) (Ri k prnev bw»> 




B7B8 95 
87B9E499 
87B8 FC 


2133 
2134 

2135 I0TSKC: 


01 
JK? 
HOV 


F8 

I0TSK1 
R.R4 


iSflYS CMVtf) SENT 

; HO . tHRT IS CDtftC . 


* 


87BCF2C5 
B7BED383 
87C8 9SK» 


2136 
2137 
2138 


JB7 

xa. 

JHZ 


IOTSKE 

fttlORDB 

IOERRH 


;1F THIS BIT SET, HflD 10 ERROR 

;SEE IF IT MRS 10 REflD (FROM BflK) 

;JUH? IF NUT (MUST BE) 




87C2 996B 
07C4 FD 
87C5 91 


2139 Hi. 
2148 MOV 
2i41 IOTSKEr KMf 


PLt8B8H 

R.R5 

8RLfl 


» GOING TO SEND DATA TO UP^ CLR P18 
;THI5 IS BAH DATA 
;«»R W W IS FttNEY. t*TT) A* 




B7KB91F 


2142 
2143 

9144 win- 


m 


Rlr tRTFOWt 


i IF JUP TO HERL HRD ERROR, P1B=L A 
JHAS ERROR COfflRH) 
— ;1F TEST BIT ON. 5TW W tyn 





BAD ORIGiNAL 



_■ ; 0019515 

1515-11 HCS-48/tf , Hi BflCRO ASSEMBLER, V18 .. PflGE 48 

FHE 925X ICTER. 4-18-79 



LOC OBJ 


LIKE 


SOURCE STATEMENT 




87C8 Fl 


2145 


KOV 






87C9 1296 


2146 


JB8 


10TSKZ i JUf IF VE5 


B7C8 74C4. 


2147 


cai 


D5BP6 ; 


TURN OFF ENRIO 


870) 23FB 


914ft TfTPW)?- WW 


B.«nmor -.m pppdv m tirw nrr urotp rtt 


B7CF E476 


2149 


IIP 


HRIHR 




" 87MSS8B 


2158 IOTSKD: 


M. 


PL#88BH i 


OUTPUT BUFFER FULL 1ST THRU OFF P18 


87K 68 


2151 


INS 


R. BUS ; 


SFH) CflmM/MTfl 


6704 55 


2152 


STRT 


T i 


D0£ WITH P6, RESTART T 


87D5 76F8 


2153 


JF1 


ITSGJ i 


JUHP IF DATA 


8707 nr 


2154 


IWV 


MiP - 


tt'«; am. storf in R4 


87D8 67 


2155 


DEC 


R 


.CHECK TO SEE IF LEGflL COMM) 


e7D9 53FC 


2155 


m. . 


A.WFCH 




ATI* CSPF 




37 


TTOM :JIH> TF IFPH 


87DD 84CE 


2158 IOERRM: JKP 


1033? 




67DF FC 


2159 ITSKDi: 


nov 


AJ>4 ;n'S LEGflL SEE IF IORDB 


B7E8 


2168 


m. 


fl,tTORDB 




67E2 9698 


2161 


JKZ 


10TSKB 


;JUfP TO GET DflTR MORD IF NOT IORDB 


' 87E4 74C4 


2162 


gul 


BSEHP6 


(MUST DO THIS BEFORE READING BAH . 


87E6 343C 


216? 


vu 


_iEDae 


:TT'<; irena. ?Fff> urwi 


87E8 fiD 


2164 


ROV 


R5,fi 


; STORE IN R5 


67E9B937 


2165 I0TSK5: HJV 


RLtlOPTR 


;G£T RtflDV TO 1NCR IOPTR 


87EB 11 


2166 


INC 


m. 


rwn 


87EC76C6 


2167 


JF1 


10EKD 


; JUK? HERE IF END OF IOHRB 


87EE E495 


2168 


JtP 


10TSXZ 




e?f8 &4flE 


2i£9 ITSJ3J 


: JIP 


10T93 






2178 


END 







USER SVffiOLS 



rkbreg em 

r£2 62fl7 



FKEEG1 833B 
RR3 B3B4 
BEES 8318 



AKREG2 634C 
RRBDD 83E8 

■J8RCT ew 



RKREG4 8351 
RRITLP 8389 
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